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DISSOLVED NITROGEN, DISSOLVED OXYGEN, AND RELATED WATER
TEMPERATURES IN THE COLUMBIA AND LOWER SNAKE RIVERS, 1965-69

By

KIRK T. BEININGEN^ and WESLEY J. EBEL
Fishery Biologist

National Marine Fisheries Service
Biological Laboratory

Seattle, Washington 98102

ABSTRACT

Data on the dissolved, nitrogen, dissolved, oxygen,
and. water temperatures in the Columbia and. lower
Snake Rivers from 1965 through 1969 are presented..
The data were compiled, from field, observations and.
from laboratory analysis of water samples collected,
at UO stations.

.. . . , IEDRODUCTION

A study of dissolved nitrogen su-
pers aturation and its effect on
salmon (genus Oncorhynchus) and
'steelhead trout (Salmo gaTrdneri) in
the Columbia and lower Snake Rivers
was begun in 1965- Earlier observa-
tions by Westgard (196̂ ) and Pauley,
Fujlhara, and Nakatani (l966)=/had
^indicated the potential drnger of this

I/Present Address: Fish Commis-
sion of Oregon, Research Headquarters,
Route 2, Box 31-A, Clackamas, Oreg.
97015.

2/ G. B- Pauley, M. P. Fujihara,
and R. E. Nakatani. 1966. Salmon
prespawning mortality studies at
Rocky Reach Dam .and Priest Rapids Dam,
Washington, from Richland, Wash., 28
p. (Processed.)

condition to indigenous salmon popu-
lations . Primary objectives of this
study were (l) to establish causes of
supersaturation of dissolved nitrogen,
(2) to measure the seasonal changes
in concentrations, and (3) to deter-
mine the effects of various dissolved
nitrogen concentrations on adult and
juvenile salmon and steelhead trout.
Ebel (1969) established that spillway
discharge over dams created extremely
high nitrogen supersaturation during
the spring and summer from Grand
Coulee Dam to the estuary. Beiningen
and Ebel (197°) described the near-
calamitous effects of high nitrogen
concentrations on fish in the Colum-
bia River.

This report presents basic data
of dissolved gas concentrations and
related temperature observations from
1965 through 1969 in the Columbia and
lower Snake Rivers. We also describe



,in part some of the equipment and
techniques used to fulfill the require-
ments of this study. A complete de-
scription of equipment currently
used for analyzing dissolved gases in
water will be given in a forthcoming
review of techniques by RuckerS/-

MATERIALS AND METHODS

Field Procedures

Samples were collected from 40
different stations. Table 1 lists
the sites in order according to
river kilometer (measured, upstream
from the mouth); Figure 1 shows the
geographic location of dams and other
sampling sites. The use of aircraft
enabled samples to be collected from
all areas in one day.

All water samples were obtained
with a Van Dorn water sampler and
collected in standard SOO-m/liter
glass-stoppered bottles. Each bot-
tle was flushed by at least a two-
fold displacement of sample water
with the discharge tube from the
sampler extended to the bottom of
the bottle. Care was taken to avoid
trapping air as the stopper was in-
serted. Water temperature Was
recorded at the time the sample was
taken with a calibrated 0.1 C-
increment thermometer placed in the
water sampler before withdrawing the
sample. The bottle was immediately
placed in an ice chest so that a
reduced ambient temperature minimized

2/ Robert R. Rucker, U.S. Fish and
Wildl. Serv., Bur. Sport Fish and
Wildl., Western Fish Disease Lab.,
Seattle, Wash., report in progress.

any loss of dissolved gases. Sample
bottle number,, temperature, and
depth from which the' sample was
taken were recorded for each station.
When required, a duplicate sample was
collected from the same cast of the
sampler for later use in calibrating
our analytical instruments.

Laboratory Procedures

All analyses were performed as
quickly as possible (within 2k- hr of
arrival at laboratory) to lessen
deterioration of water quality. When
no more than six samples were obtain-
ed at one time, analysis was done
with a Van Slyke-Neill manometric
blood gas analyzer, modified for
water determinations (Van Slyke and
Jeill, 1927).

Analysis of a large number of sam-
ples for dissolved nitrogen was done
by the gas chromatographic technique
described by Swinnertoru _Linnenbom;
and. Cheek (1962) but with a modified
Fisher blood gas analyzer (Ebel,
1969). Analysis required only 10
min per sample.

While collecting samples for a
river survey we Obtained duplicate
.samples from at least six stations
representing a range of expected
saturation values. The duplicate
samples were used for.two separate
calibrations. Determination of dis-
solved, oxygen content with the Al-
sterberg modification of the Winkler
method provided a reliable check on
dissolved oxygen values obtained,
with the Van Slyke apparatus. The
Van Slyke values from three or more
duplicate samples were then used to
calibrate readings from the chroma-
tographic gas partitioner.



PRESEIWATION OF DATA LITERATURE CITED

Sampling dates are arranged chro-
nologically in Table 2. The river
surveys are given first for each
yearj surveys made at specific loca-
tions are arranged by river kilometer.
(in descending order) within each
calendar year. Tables 3 through 6
show data for 1965, Table 7 through
26 for 1966, Tables 27 through 69 for
1967, Tables 70 through 8l for 1968,
and Tables 82 through 9̂  for 1969.

Primary data are the dissolved
nitrogen concentrations; dissolved
oxygen concentrations, companion
values obtained during analysis, are
used as calibration factors. Dissol-
ved gas concentrations, e:rpressed in
percentage saturation, are normally
used in discussing gas bubble disease
and are a function of temperature
and barometric pressure on the parts
per million (ppm) values. In this
paper, values were calculated on a
basis of 7̂ 0 mm (sea level) pressure
and no corrections were made for
changes in barometric pressure from
weather or changes in altivude.
Tables used to calculate oxygen
saturation values were from Elmore and
Hayes (i960) and for nitrogen, from .
Rucker (footnote 2).

Spillway discharge and total river
flow past the several dams in the sur-
vey areas are shown where applicable
to correlate changes in gas concentra-
tions with changes in spill volumes.
River flow data were obtained from
the U.S. Corp of Army Engineers,
'Seattle, Wash.

Beiningen, K. T., and W. J. Ebel.
1970. Effect of John Day Dam on

dissolved nitrogen concentra-
tions and salmon in "the Co-
lumbia River, 1968. Trans.
Amer. Fish. Soc. 99: 66̂ -671.

Ebel, W.' J.
1969- Supersaturation of nitro-

gen in the Columbia River
and its effect on salmon and
steelhead trout. U.S. Fish
Wildl. Serv., Fish. Bull. 68:
1-11.

Elmore, H. L., and T. W. Hayes.
I960. Solubility of atmospheric

oxygen in water. J. Sanit.
Eng. Div., Proc. Amer. Soc.
Civ. Eng., Ŝ SAlj-): 4l-53-

Swinnerton, J. ¥., V. J. Linnenbom,
and C. H. Cheek.
1962. Determination of dissolved

gasses in aqueous solutions by
gas chromatography. Anal.
Chem. 34: 483-485.

Van Slyke, D. D., and J. M. Neill.
1927. The determination of gasses

in blood and other solutions
by vacuum extraction and mano-
metric measurement. J. Biol.
Chem. 6l: 523-573-

Westgard, R. L.
1964. Physical and biological

aspects of gas-bubble disease
in impounded adult chinook
salmon at McNary spawning
channel. Trans. Aner. Fish.
Soc. 93: 306-309.
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Figure 1. --Hydroelectric dams and other sampling sites on the Columbia and lower
Snake Rivers; Table 1 identifies all sampling sites by river kilometers.



Table 1.-"Location of sampling sites in the Columbia and Snake
Rivers; representative sampling sites are shown by
number in figure 1

Station
code

number
Sampling Site

River kilometer
from Columbia
River mouth

(Columbia River)
la Grand Coulee Dam—Forebay (Spillway side) 961.0
Ib Grand Coulee Dam—Forebay (Powerhouse side) 961.0
2a Grand Coulee Dam--Tailrace (Powerhouse side) 960.0
2b Grand Coulee Dtim—Tailrace (Spillway side) 960.0
3a Chief Joseph Dam--Forebay (Spillway side) 878.1
3b Chief Joseph Dam--Forebay (Powerhouse side) 878.1
4a Chief Joseph'Dam—Tailrace (Powerhouse side)
4b Chief Joseph Dam--Tailrace (Spillway side) 877.1
5a Columbia River at Wells Dam site (prior to 4/68) 831.7
5b Wells Dam—Forebay 831.7
6 Rocky Reach Dam--Forebay 764-5
7 Rocky Reach Dam—Tailrace (Spillway side) 763-4
8 Rock Island Dam—Forebay 730-4
9 Rock Island Dam--Tailrace (Spillway side) 729-5
10 Wanapum Dam—Forebay 668.5
lla Priest Rapids Dam—Forebay 639-7
lib Priest Rapids Dam—(in Powerhouse Gatewell) do
12 Priest Rapids Dam--Tailrace (Spillway side) 638.7
13 Columbia River—below Hanford (at Richland) 544.2
l4a Columbia River—above mouth of Yakima River 5̂ -0.1
l4b . In Yakima River mouth . 539-0
15 Columbia River—at Pasco . . 528.4
16 Columbia River--above mouth of Snake River 524.1

(Snake River)
17 Lower Monumental Dam—Forebay 597-8
18 Lower Monumental Dam—Tailrace (Spillway side) 596-8
19a Ice Harbor Dam—Forebay (Spillway side) 538-2
19b Ice Harbor Dam—Forebay (Powerhouse side)
20 Ice Harbor Dam--Tailrace (Spillway side) 537-2
21 In Snake River mouth 522.1

(Columbia River)
22 Columbia River--below Snake River mouth 520.7
23a McNary Dam--Forebay (Spillway side) 470.6
23b McNary Dam—Forebay (Powerhouse side) 470.6
23c McNary Dam—Upstream End of North Fish Ladder do
23d McNary Dam—Downstream End of North Fish Ladder do
23e McNary Dam—Upstream End of South Fish Ladder do
23f McNary Dam—Downstream End of South Fish Ladder do
24a McNary Dam—Teilrace (Powerhouse side) 469-6
24b McNary Dam--Tailrace (Spillway side) 469-6
25a Columbia River at John Day Dam site (prior to 4/20/68 only)
25b John Day Dam—Forebay (Center) 347-6
25c John Day Dam—Forebay (Spillway side) 3̂ 7-6
25d John Day Dam—Forebay (Powerhouse side) 3^7-6
25e John Day Dam—Upstream End of North Fish Ladder
25f John Day Dam—Downstream End of North Fish Ladder



Table l.--Gon.

Station
code
number

Sampling Site
River kilometer
from Columbia
River mouth

25S John Day Dam—Upstream End of South Fish Ladder
2§hv John Day Dam—Downstream End of South Fish Ladder
26a.,:.' John Day Dam—Tailrace (Powerhouse side) 346.6
2613 John Day Dam—Tailrace (Spillway side) 346.6
27 Columbia River--at Biggs Junction 334-9
28 The Dalles Dam—Forebay " 308.8
29 The Dalles Dam—Tailrace (Spillway side) 307-8
30 . ColuffiKla River—at Hood River 272-7
3±-a, Bonneville Dam—Forebay (Spillway side) 235-7
3lb Bonneville Dam—Forebay (powerhouse side) 235-7
31e Bonneville Dam--Upstream End of North Fish Ladder do
31d Bonneyille Dam—'Downstream End of North Fish Ladder do
31e Sonheville Dam—Upstream End of Bradford Is. Fish do

Ladder
31f Bonneville Dam—Downstream End of Bradford Is. Fish do

Ladder (Spillway side)
31g BOnneville Dam—Downstream End of Bradford Is. Fish do

Ladder (Powerhouse side)
. 32'a Bonneville Dam*—Tailrace (Powerhouse side) 234.2
32b BoiiaeVille Dam—Tailrace (Spillway side) 234-7
33a Columbia River—at Washougal 195-9
33b In Washougal River mouth
33<i In Camas Slough . . 190.1
34 Columbia River—at Vancouver 171 -5
35 Columbia River—at Prescott 115.0
36 Columbia River—at Longview 108.0
37 Columbia River—at Westport Slough (Jones Beach) 73.9
38 Columbia Ri-v^r—at Harrington Point (Estuary) 37-8
39 Columbia River—at Tongue1'Point 29-3
40 Columbia River—at Astoria Bridge 22.1



Table 2.—Chronological order .of sampling dates

Year

1965

1966

«

1967

1968

Site surveys
Priest

River Rapids
survey Dam
6/10

11/15
12/16
2/9
3/7
4/6
4/18

5/9
6/6

8A1

9/6
10/2
11/7

4/3 6/19
5/1 6/22
5/15 6/30
6/6 7/7
6/27 7/12
7/5 8/8
7/19
8/2
8/23
9/5

10/3

5/7
6/4
7/1
8/8

Snake
River McNary
mouth Dam

7/26 6/21
8/9 6/29
8/15 7/7
8/30 7/12

7/19
7/28
8/4
8/11

8/17
8/22
9/1
9/7
9/13

7/l6 6/19
7/23 6/25
7/30 7/9
8/21 7/15

7/23

7/30
9/2

John Tl
Day Dal".
Dam Dai

ae Bonne -
Les ville
a Dam

6/15

2/27-3/2
3/10-3/11

3/15
3/22
3/23
3/29
V5
4/12
Vl9
4/26
5/3

5/10
5/17
5/25
6/1
6/8

Other

Grand Coulee Res. 5/4
Grand Coulee Dam 4/27
Chief Joseph Res. 5/2
Chief Joseph Dam 4/28

Snake River 5/23
Ice Harbor Dam 5/16-5/1
McHary Reservoir 6/8

4/23 5/24 9/24
7/9

7/19 7/15
7/23 7/30

8/1
8/8
9/4 9/11
9/11 9/18
9/18 9/24

1969 4/2
4/8

4/16
5/7
5/21
6/5
6/17
7/1
7/15

6/24
6/26

9/24
Middle Snake River 3/1
Washougal R. mouth

6/5 and 17
Estuary 5/20



Table 3.--Limnological dat a--Columbia Rive]; June 10, 1965

Station
code

number

la
3a
6
lla
19a
23a
28
31a

Station
code

number

la
2b
3a
4b
6
7
lla
12
23a
28
31a

Depth
M.

0
0
0
0
0
0
0
0

Table

Depth
M.

0
0
0
0
0
0
0
0
0
0
0

Total
Temp, Spill flow
°C. 100 c,m.a. 100 a.m.s.

12.5
12.2
13-1
12.9
14.2
16.6
15.1
15-1

i
4.--Limnological dat a- -Columbia

t

To.tal
Temp, Spill flow
°C. 100 c.m.s. 100 c.m.s.

15-0
14.3
14.2
14.1
13-7
13-7
14.0
13-7
15-0
13-9 .
13-9

Oxygen
P. p.m.

_

-

--
-
-
-

—

Percent

101-9
106.7
120.5
116.9
100.6
115.1
110.8
113.0

Rive:$ November 5>

Oxygeri
P. p.m.

10.5
9-5
9.6
9-5
9-7
11.2
10.5
10.3
10.5
10.2
11.2

Percent

1014.. 7
93-2
93-9
92.8
93-9
108.4
102.3
99-7
104.7
99-2
108.9

Nitrogen

P. p.m.

-
-
-
-
-
-
-
—

1965

Percent

98
113
117
130
117
118
116
118

Nitrogen •

P. p.m.

16.5
16.6
17-1
16.9
17-5
16.9
17-7
17-2
17-5
17-7
18.7

Percent

97
97
99
98

101 .
97
102
99
103
102
108

Table 5.—Limnological data--Columbia River, December 16, 1965

Station
code

number

la
2b
3a
1 _
4b

7
lla
12

Depth
M.

0
0
6
o'
0
0
0

* 0

Temp.
°C.

10.5
9.6
9-1
9-3
8.9
8.9
8.6
8.3

Total ;

Spill : flow Oxy§en

100 c.m.s. 100 c.nioS. P. p.m.'.

11.9
12.0
10.3
10.7
11.3
12-5
11.6
11.4

Percent

106.8
105.4
89.4
93-3
97-6
107.9
99.̂
97-0

Nitrogen
P. p.m.

17-8
18.0
18.3
17.4
18.4
18.5
18.4
18.1

Percent

96
96
96
92
96
97
96



I
Table 6.—Hmnological data--Bonnevllle Dam, June 15, 1965

Station
code

number

31a
Sit.
32a
32b

Station
code

number

la
la
la
la
2b
3a
4a
5a
6
6
7
8
8
9
10
10
lla
lla
12
19a
20
20
23a
23a
23b
23b
24b
25a
28
28
29
31a
31a
32b
36
38

Depth
M.

0
0
0
0

Table

Depth
M.

0
10
29
55
0
0
0
0
0
10
0
0
10
0
0
10
0
10
0
0
0
3
0
10
0
3
0
0
0
10
0
0
10
0
0
0

Total
Temp. Spill flow
°C. 100 c.rrus. 100 c.m.s.,

14.5
14.5
14.5
14.2

7.--Limnological data—Columbia

Total
Temp , Spill flow
°C. 100 C..IE.B. 100 c.m.s.

2-7
3-0
4.0
4.0
3-2
4.1
4.2
3-9
4.2
4-5
4.2
4.1
4-5
4.2
5-2
5.0
4.5
4.5
4.9 -
4.0
4.0 o 8.9
4.0
4.9
4.9
4-9
4-9
5.4 0 32.2
5.0
5.0
5.0
4.9 o 33.8
4.5
4.6
4.8 0 34.8
5.2
5.0

Oxygen
P. p.m.

_

-
-
"

Percent

100.0
104.5
103-5
105.0

River, February 9>

Oxygen
P. p.m.

12.4
12.2
12.2
11-3
12.2
11.5
11-5
11.2
11.0
11.8
11.8

-
12.0
11.8
12.8
11.4
12.7
12.4
11.8
il.l
12.2
12.2
11.8
12.2
12.1
12.2
12.4
12.5
12.7
12.7
13-2
12.7
11.8
12.4
12.0
12.1

Percent

91.2
90.4
92-9
86.1
90.9
87.8
88.1
85.0
84.2
91.0
90.4_

92.6
90.4
100.6
89.1
98.0
95-7
92.0
84.5
92.9
92.9
92.0
95-2
94.4
95-2
97-9
97-7
99-3
99-3
103.0
98.0
91-3
96.4
94.3
94.6

Nitrogen
P. p.m.

_

-
-
™

1966

Percent

107
111
108
ill

Nitrogen
P. p.m.

21.0
21-3
21.4
19-5
20.9
21.0
21-3
18.7
18.6
20.4
20.1_

20.1
20.0
20.8
19.1
20.8
19-5
20.6
19.5
20.2
20.2
20.3
20.3
20.6
19-9
20,3
20.2
20.3
21 . 0
20.0
21. 2
19-5
20.0
21-5
21.6

Percent

96
98
101
92
97
99
101
88 •
88
97
95

96
95
101
92
99
93
99
92
95
95
98
98
99
96
99
97
98
101
96
101
93
96
io4
104



I

Table 8.--Limnological data--Columbia River, March 7, 1966

Station
c-ode

number

la
la
2b
3a
3a
4a
5a
6
6
7
8
8
9

10
lla
lla
12
13
19a
19a
20
23a
23a
23b
23b
24a
24b
25a
28
28
29
31a
32b
36
38
40

Depth
M.

0
10
0
0

10
0
0
0

10
0
0

10
0
0
0

10
0
0
0

10
0
0

10
0

10
0
0
0
0

10
0
0
0
0
0
0

Temp .

2.7
2.7
2.7
2.8
2.8
2.8
2.8
3.3
3.3
3.3
3.3
3.3
3.2
3.4
3.7
3.7
3.8
6.4
4.2
4.2
4.2
4.6
5.0
4.9
4.9
4.9
5-0
5-2
5.6
5-5
5-2
5-7
6.0
5-8
5.8
5-9

Total
S|i:m f l o w °*y<

1.00 c . m . y . 1 00 c . r n - j j . P. p . m .

12.2
12.2
11.8
12.1
12.2

-
-

12.8
12.4

' •
11-9
12.3
12.9
12.9
13.0
13-5
12.7

-
11.8
11.8

0 7-0 11.1
12.2

-
-
-

12 . 5
o 26.4 13.0

•
12.6
12.1

o 27.1 12.4
12.9

0 24.3 14.6
12.1
11.8
11.7

gen
Percent

89.7
89.7
86.8
89.2
90.0

-_

95-7
92.7

-
88.9
91-9
96.1
96.6
98.2

102.0
96.2_

90.4
90.4
85.0
94.4.

-
-_

97.5
101.6

-
100.1
95.9
97.5

102.7
117.2

96.6
94.2
93-7

N:I

P. p . m .

20.0
20.3
21.4
20.9
21.8
21.1_

20.9
-

21-3
20.5
20.7
21.9
21.3
20.1
20.2
21.4_

20.2
20.2
19-4
20.3_

_
_

20.3
21.1

-
19-1
20.0
20.2
20.0
23.2
20.3_

20.7

Irogen
Percent

92
93
98
96

100
97

97

99
95
96

101
99
94
95

101_

96
96
92
97

__
-

98
102

-

93
98
98
98

114
100_

102



Table 9.—Limnological data--Columbia River, April 6, 1966

Station
code

number

la
la
la
2b
3a
3*
lib
5a
6
6
T
8
8
9

10
10
lla
lla
12
13
19a
19a
20
23a
23a
23b
23b
24a
24b
25a
28
28
29
31a
31a
32b
36

Depth.
M.

0
1076
0
0

10
0
0
0

10
0
0

10
0
0

10
0

10
0
0
0

10
0
0

10
0

10
0
0
0
0

10
0
0

10
0
0

Temp .
°C.

7A
4.8
^•5
5-5
5-7
5.0
5-3
5-8
6-7
6.0
6.0
6-9
6.4
6.3
8.4
6.7
8.5
6.8
6.9
9-2
9-4
9-3
9.4

13-2
10.4
14.2
9-8

10.5
10.6
10.9
10.8
10.7
10.8
10.1
10.0
10.2
10.7

Total
spiii flow Oxysen .

100 c.m.s.. 100 c.m.s. P. p.m.

12. &.
12.5
21.1
12.2
12.7
12.5
13-0
12-5
12.8
12.8
12.8
12.8
13.2
13.2
13.5
13.1
13.5
13.3
13.2
13.1
11.3
11-5

9-8 19-3 13-8
12.0
11.2

-
11.1
11.7

0 42.8 11.8
11.3
21.1
11.3

o 46.3 li.o
11.4

-
10.6 44.8 13.4

10.6

Percent

106-5
97-2 .
93-^
96.7

101.1
97-7

102.4
99-8,

104.6
102.7
102.7
105.1
107.1
106.8
115.2
107.0
115.4
108.9
108.4
114.0
98.8

100.3
120.6
114.8
100.4

-
98.0

105.0
106.2
102.4
109.4
102.0

99-5
101.4

-
119.4
95.7

Nitrogen
P. p.m.

21.5
20.9
22.3
20.7
20.1
20.7
21.1
20.4
20.1
19.8
20.3
20.1
21.4
21.4
20.2
20.9
20.3
20.8
20.1
20.1
19-7
19.4
23-0
19.8
20.2
20.1
19.6
19.6
20.1
19.2
18.8
19-5
19.6
19-2

-
23-2
18.9

Percent

109
100
106
101
98

100
102
100
101
98

100
101
106
106 •
105
105
106
io4
101
106
104
102
122
113
109
117
105
106
109
105
102
106
107
103

'
125
103

11



Table 10. --'Limnological data--Columbia Elver, April 18, 1966

Station
code

number

:u
la
la
2b
3a
3a
4b
5a
6
6
7
8
8
9

10
10
lla
lla
12
13
19a
19a
23a
23a
23b
23b
24a
24b
25a
28
28
29
31a
31a
32b
36
38
38

Depth
M,

0
10
76
0
0

10
0
0
0

10
0
0

10
0
0

10
0

10
0
0
0
0
0

10
0

10
0
0
0
0

10
0
0

10
0
0
0

10

Temp,
°C.

7-5
6.8
5.1
5.8
6.8
6-3
6.1)-
6-5
7-5
7-2
7-3
8.1
7-8
7-3
8-3
7-8
8.3
8.4
8.3

10.3
10.3
10.1
10.5
10.5
10.5
10.5
10.1*
1.0.4
11.1
11.6
11-5
11.8
11.5
11-3
11.6
11.0
11.2
11.2

To"bcijL
spin flow Oxyeen

100 c.ra.s. 100 c .m.s , P. p .m.

12.2
12.6
11.7

o 18.9 11.9
11.4
12.3

0 22.4 12.0
11.9
12.1
11.8

0 24.3 12.3
13.0
12.7

0 24.7 12.8
12.6

-
12.2
12.6

17.0 41.7 12.6
12.2
11.3
10.9
11.1
12.8
11.9
ll.l
11.2

o 33.9 ii.i
11.4
10.8
11.7

o 31.7 11.4
11.0
10.8

2.6 36.1 12.9
10.6
10.5
9-2

Percent

101.8
103.2
91-7
95.0
93-^
99-5
97-3
96.7

100.9
97-7

102.1
110.1
106.7
106.2
107.2

-
103.8
107.5
107.2
109.0
101.0
97-0
99-6

114.9
106.8
99-6

100.4
99-5

103.8
99-5

107.6
105.6
101.2
98.8

118.9
96.4
95-9
84.0

Nitrogen

P . p . m .

19-5
20.0
20.1
21.5
20.9
19-5
20.1
22.0
19-9
20.3
21.9
19-6
20.2
19.6
19-9

-
18.9
19.9
19.9
19.4
19-0
18.8
18.1
21.2
18.9
19.4
18.8
18.6
18.7
17-7
20.2
19.2
18.7
18.0
21.1
18.8
19-4
18.8

Percent

99
100
97

105
105

97
100
110
101
103
111
101
103
99

103
-
98

103
103
105
102
101
98

115
102
105
102
100
102

98
.112
107
103
99

117
103
106
103



I
Table 11.--Limnological data--Columbia River, May 9, 1966

Station
code

number

la
la
2b
3a
3a
4b
5a
6
6
7
8
8
9
10
10
lla
lla
12
13
19 a
19a
20
23a
23b
24a
24b
25a
28
28
29'
31a
32b
36

Depth
M.

0
10
0
0
10
0
0
0
10
0
0
10
0
0
10
0
10
0
0
0
10
0
0
0
0
0
0
0
10
0
0
0
0

Temp.

15-3
11.8
8.8
9.0
8.5
8.7
9-2
9.6
9.3
9-5
9-7
9-5
9-6
11.4
10.2
13.6
10.8
10.9
12.3
13-6
12.5
12.8
16.4
14.1
13.8
i4.o
14.0
14.1
14.1
l4'.0
13.8
13-8
14.4

Total
Spill flow

100 c.m.s. 100 c.m.s.

27-8 47-2

28.8 47.5

o 51.9

57.6

21.9 56.1

19-3 31-0

50-7 92.1

43.3 88.2

50-7 87.3

Oxygen
P. p.m.

10.6
11.0
13-3
13-2
13-5
14.2
13.0
12.7
13-6
13-3

-
14.213.6
12.4
12.8
12.7
12.9
13-3
12.5
10,5
10.2
12.2
12.1
12.0
11.8
12.6
11.4
ll.l
10.5
11.6
11.4
12.8
10.1

Percent

106.3
101.9
114.6
114.3
115.4
122.0
113.1
111.6
118.6
116.6_

124.5
119.5
113.8
114.1
122.6
116.6
120.6
117.2 .
101.4
96.0
115.6
124 . 4
117.2
114.5
122.3
111.1
108.4
102.5
113-1
110.6
124.2
99-3

Nitrogen
P . p . m .

16.5
18.4
22.7
22-5
23.1
23.3
21.6
21.5
23.0
21.6_

23.6
21.3
21.5
19.9
20.8
20.8
20.9
20.3
19.1
18.6
19.4
18.6
22.3
19.9
21.7
19-3
18.6
18.6
19-1
19.6
22-9
19-0

Percent

98
102
119
118
120
122
114
114
122
115

125
113
118
107
120

114
114
110
105
110
112
129
115
126
112
108
108 .
ill
113
132
ill

13



Table 12.-Linmological data-Columbia River, June 6, 1966

Station
code

number

la
la
2b
3a
3a
4b
5a
6
6
7
8
8
9

10
10
lla
lla
12
13
19a
19a
20
23a
23a
23b
23b
23a
24b
25a
28
28
29
31a
31a
32b
36
36
38
38

— —

Depth
M.

0
10
0
0

10
0
0
0

10
0
0

10
0
0

10
0

10
0
0
0

10
0
0

10
0

10
0

10
0
0

10
0
0

10
0
0

10
0
0

— •
Total

Temp, Spill fiow
°C. 100 c.m.s. 100 c.m.s.

"'"• ' """ — - _.

12.5
10.7
l°-8 55-1 74.6
11.7
10.3n-3 60.3 77.8
11.6
11.9
11-5 .
H-7 78.1
11.9
11.7
11.8 83.5
13.3
11.7
12.3
11.7
11-9 46,8 81.3
13-0
15-1
13-7
13-7 7.4 18.6
16.0
13.2
14.2
13-2
13.6
13.6 50.1 99.7
13-5
13-8
13-7
13.8 56.3 100.3
14.2
14.2
14.2 67.8 102.0
14.4
14.2
14.2
14.0

Oxygen
P. p.m.

10.9
11.4
12.7
13.2
12.7
12.7
11.5
12.0

-
13-0
12.9
12.5
13-0
12.5
13.1
12.8
12.8
12.8
12.3
9-2
9.8
9-5

11.3
10.8
10.7
11.1
11.6
12.4
11-3
11.5
10.2
11.4
10.9
11.2
12.6
10.9

-
10.9
10.5

Percent

102.6
102.9
114.8
122.2
113-5
116.2
106.0
111.4_

120.1
119.8
115-5
120.4
119.8
121.1
120.0
118.3
118.8
117.1
91-9
94.9
92.0

115-1
103.3

104.7
106.2
112.0
119.7
108.9
111.5
98.7

110.6
106.7
109.6
123.3
107.2

~
106.7
102.3

Nitrogen
T. p.m.

19.6
20.2
22.4
23.0
22.6
23.0
21.6
19.8
22.4
22.9
22.5
22.6
23-8
22.6
23.0
23-0
22.6
22.1
21.4
17-0
18.3
17-9
21.6

. 19,6

19-1
19-7
19.5
21.6
19.6
21.0
20.8
21 »1
19.6
19-9
23-7
20.7
21.2
19.9
20.1

Percent

110
110
122
127
122
126
119
110
124
127
125
125
132
129
125
129
125
123
122
100
105
103
129
112

111
112
112
124
112
121
120
122
114
116
138
121
123
•116
116



Table 13-—Limnological data--Columbia River, July 11, 1966

3 tat:! on
code-

in iin her

la
la
la
2b
3a
3a
4b
5 •

. 6
6
7
8
8
9

10
10
lla
lla
12
l4b
19a
19a
20
23a
23a
23b
23b
24a
24b
25a
28
28
29
31 a.
31a
32b
36
36
38

M .

0
10
76

0
0

10
0
0
0

10
0
0

10
0
0

10
0

10
0
0
0

10
0
0

10
0

10
0
0
0
0

10
o •
0

10
0
0

10
0

10

Tola 1
Temp. ' Sp;l 1 1 f low

°C, 1.00 c . t n . u . 100 c . r r i . u , ,

1,4.7
14.1
12.7
13.5 49.7 66.2
13.8
13-6
13.7 48.1 71.0
13-8
14.7
14.5
14.5 68.5
14.5
14.4
14.5 73-2
15-3
14.8
15.4
15.0
15-3 36.3 70.2
15.8
22.8
20.8
20.6 0 7.2
18.8
16.6
18.6
16.5
16.9
17.0 47.7 79.1
17.3
17.3
17.3
17.0 42.1 77-7
17.0
17.0
17.0 45.9 8o.l
17.4
17.4
17.3
17-3

Oxygen

P. p . m . Percent

11.3
10.8
10.4
13-0
13.0
12.4
13-0
12.4
11.2
11.9
12.0
12.0
12.2
12.8
11.7
11-7
11.8
12.4
11.7
11.9
8-7
8.1
8.1

10.7
10.1
10.2
11.1
11.8
11.4
10.2
10.3
10.0
10.3

-
11.3
11.9
10.4
11.5
10.9
10.0

111.9
105.598.4
125.2
126.1
119.7
125.8
120.3
110.9
117.2.
118.2
118.2
120.0
126.1
117.4
116.1
118.6
123-6
117.4
120.7
102.0
91.2
90.9

115.7
104.2
109.8
114.3
122.5
118.6
106.9
108.0
104.8
107.2

-
117.6
123.8
109.2
120.8
114.3
104.8

NJ

P . p . m .

19.2
18.2
19.4
22.3
23-1
22.2
22.2
22.0
20.8
21.0
21-7
21.9
21.6
22.5
21.4

. 22.4
22.1
21.8
20.8
20.1
16.3
16.0
15-1
17-3
17-1
17.6
18.7
21.1
20.7
18.8
17-3
17-8
19.1
18.8
19.6
20.3
20.2
19-7
19-8

. 19.2

Lroyori

Percent

113
106
110
128
133
128
128
127
122
123
127
128
126
131
127
132
131
129
123
120
109
104

98
102
104
110
113
129
126
115
106
109
117
115
120
124
124
121
121
118

15



Tnblo l4.-~ Llrunological data- - Columbia KJver, August .1, 1966

Station
code

number

la
la
la
3a
3a
4b
5
6
6
7
8
8
9

10
10
lla
lla
12
l4a
19a
19a
20
23a
23a
23b
23b
24a
24b
25a
28
28
29
31a
31a
32b
36
38
38

Depth
M.

0
10
76

0
10

0
0
0

10
0
0

10
0
0

10
0

10
0
0
0

10
0
0

10
0

10
0
0
0
0

10
0
0

10
0
0
0

10

Total
Temp. Spill flow

°C. 100 c.m.s. 100 c.nus,,

17-8
17.2
14.8
16.2
15.6
15.8 20.7 lu. 3
16.2
16.9
16.9
16.7 o 43.6
17.2
16.7
17.0 o 45.3
19.9
17.2
19.2
17.2
17-5 3-6 44.2
18.2
25-5
23-3
23-2 o 5.9
20.8
19-1

. 21.7
18.7
19.2
19.2 ll.l 54.1
19-5
19-2
19.2
19.3 11-5 57-5
19.2
19.2
19.2 23.6 56.5
20.0
20.0
20.0

Oxygen
P. p.m.

11.1
10.5
9-3

10.7
10.8
11.6
10.6
10.8
10.4
11 ,1
12.1
11.1
11.2
10.4
10.5
10,3
10.8
9.7

10.8
7-2
6.4
7-0
9-2

10.1
10.5
9.3
9.3

10.8
9.8
8.9
8.0

10.0
10.2
9.0

11.0
9-2
7.5
8.8

Percent

117.6
109.8
92.3

109.5
109.1
117-6
108.5
112.1
107-3
114.8
126.6
114.8
116.5
115.0
109.8
112.3
113-0
102.1
115.4
88.9
75-7
82.7

103.6
109.9
120.4
100.3
101.4 •
117.8
107-5-
97-1
87.2

109.3.
111.2
98.1

120.0
102.0
83,1
97-6

Nitrogen
P.p.m.

17-1
18.8
20.0
20.4
21.8
21.7
20.8
21.8
19.7 '
19.8
20.9
21.1
20.0
20.5
19-9
20.8
18.7
18.2
18.6
14.8
14.9
14.6
16.7
16.6
17-2
17.6
17-3
20.2
17.6
17.3
16.7
16.3

-
16.6
20.9
19.4
17.8
19-3

Percent

106
115
117
123
130
130
125
133
119
120
128
128
122
131
122
132
115
112 .
116
103
100
98

108
105
113
104
109
128
112
109
106
103

-
105
132
124
114
124



Table 15.~Limnological data-Colmbia River, September 6, 1966

Station
code

number

la
la
2b
3a
3a
5a
6
6
T
8
a
9

10
10
lla
lla
12
13
19a
19 a
20
23a
23a
23b
23b
24a
24b
25a

28
29
31a
31a
32b
36
38
38

Depth
M.

0
76
0
0

10
0
0

10
0
0

10
0
0

10
0

10
0
0
0

10
0
0

10
0

10
0
0
0
0

10
0
0

10
0
0
0

10

Total
Temp „ Spill flow

°C. 100 c.m.s. 100 c.m.s.

20.5
16.3
16.4 o 19.5
17-6
l6.T
16.8
17-9
17-1
17-3 0 22.0
17-5
17-2
17.5 22.3
18.0
17-8
19-0
17.6
17-8 23.2
21.6
22.6
21.1
20.9 o 6.2
21.5
20.1
21.8
20.4
20.1
20.0 0.2 24.6
20.4
20. 4
20.4
20.4 0 26.T
19-6
19-6
19-6 0.7 27.8
19-5
19-8
19.8

Oxygen
P. p.m.

7-6
8.2
9.0
8.9
8.6
8.0
8.7
8.9
9-1
8.0
8.9
9-2
9-2.
9A
9.0
9.7
-

9-7
8-9
7-4
6.5

10.7
9.8

11.0
9.9
9.1
9A
9A
-

9-1
8.9
9-2
8.9
9.2
8.3
7-1
7.8

Percent

85.1
84.1
92.5
93-9
88.9
82.9
92.4
92.9
95 A
84.2
93-1
96.8
97-9
99-6
97-7

102.3
-

111.0
104.0
83.9
73 A

122.3
108.9
126.4
110.6
101.1
104.2
105.0

-

101.7
99-4

101.1
97.8

101.1
91.0
78.4
86.1

Nitrogen
P. p.m.

16.3
17.. o
18.2
17.718.1
17.5
16.5
17.5
17.6
16.4
16.8
16.4
16.0
17-1
15.8
18.2
17.0
15.8
13-8
15-9
14.0
15-4
15-7
15-3
15-9
16.4
16.4

-
15.7
15-1
15-5
15.4
14.6
16.9
15.0
15.0
14.6

Percent

105
102
110
109
110
106
102
107
108
101
103
101
99

106
100
112
105
io4
92

104
91

101
101
101
103
105
105

101
97

100
98
93

108
95
96
93
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Table l6.—Limnological data—Columbia River, October 2., 1966

Station
code

number

la
la
la
2b
3a
3a
4b
5a
6
6
7
8
8
9

10
10
lla
lla
12
l4a
19a
I9a
20
23a
23a
23b
23b
24a
24b
25a
28
29
31a
31a
32b
36
38
38

Depth
M.

0
10
76
0
0

10
0
0
0

10
0
0

10
0
0

10
0

10
0
0
0

10
0
0

10
0

10
0
0
0
0
0
0

10
0
0
0

10

Total
Temp. Spill , flow

°C. 100 c.m.s. 100 c.m.s.

17-7
18.1
16.4
16.6 0 21.1
16.5
16.2
16.2 0 20.6
16.1
16-5
16.3
16.5 0 20.1
16.7
16.5
16.6 o 20.5
17.6
17.0
17.3
17.0
17.0 o 23.6
18.8
20.5
19.2
19.7 0 5-9
19-7
18.6
19.6
18.6
18.6
18.8 0 24.9
18.2
18.0
18.2 o 28.6
18.2
18.2
18.2 0.7 29-6
18.0
18.3
18-3

Oxygen
P. p.m.

8.4
8.3
7-9
8.3
7-7
8.2
8-3
8.2
8.2
8.4
8.5
8-5
8-5
9.1
8.5
8.5
9.0
8.8
8.7
8.8
6.8
7.4
7.0
9-5
8.6
9.0

l.Y
8.8
8-3
8.4
8.2
9-5
8.7
9-1
8.0
7.8
7-7

Percent

88.8 '
88.5
81.2
85.7
79-3
83-9
85.0
83.8
84.4
86.2
87-5
87.9
87.5
93-9
89.7
88.4
94.3
91.6
90.5
95-1
76.1
80.7
77-1

104.6
92.6
98.9

93.6
95-1.
88.7
89.4
87.6

101.5
92.9
97-2
85.1
83.5
82.4

Nitrogen
P. p.m.

15.0
15.2
15.2
15-9
14.2
14.9
15-4
15-5
15.4
14.9
14.3
15.2
14.8
15-3
16.6
15.0
14.3
15.2
15-4
14.3
13-4
15-0
14.4
15-3
l4.3
15.0

- • •
14.5
14.5
14.2
14.9
15-4
15.8
14.6
15.8
14.8
14.6
14.8

Percent

93
94
92
96
86
90
93
93
93
90
87
92
90
93

102
92
88
93
9^
90
87
95
92
98
90
96

91
91
88
92
96
98

- 91
98
92
91
92



Table IT. —Limnological data--Columbia River, November 1, 1966

Station
code

number

la
la
lib
3a
3a
4b
5a
6
6
7
8
8
9

10
10
lla
lla
12
l4a
19a
19a
20
23a
23a
23b
23b
24a
24b
25a
28
28
29
31a
31a
32b
36
38
38

Depth
M,

0
10
0
0

10
0
0
0

10
0
0

10
0
0

10
0

10
0
0
0

10
0
0

10
0

10
0
0
0
0

10
0
0

10
0
0
0

10

Total
Temp . Spill flow

°C. 100 c.m.s. 100 c.m.s.

14.5
14.8
Ik. 6 0 18.4
ilk 9
14.5
ill-. 6 o 16.5
ill-. 4
14.4
llt-.O
14.0 0 17-5
14.0
13- T
13-T o 17.5
13.8
13-3
13-5
13-0
13.2 o 21.5
15-5
12.1
11.9
11.9 o 6.1
13-4
12.9
13-*
12.9
12.9
13.0 o 25.7
12.3
12.2
12.2
12.3 o 26.2
12.4
12.4
12.5 o 26,6
11.7
11. T
11.7

Oxygen
P. p.m.

8.5
8.1.
7.9
7-9
8.6
8-9
8-5
8.8
8.5
8-3
9-1
8.4
9.2
9.0
9-1
8.7
8.5
8.6
8.8
8.7
9-3
9-5

10.5
10.1
10.7
9.3
9-7
9.9

10.6
10.1
10.1
9-9

11.0
10.2
11.1

9-7
9.4
9-6

Percent

83.7
80.4
78.1
78.5
84.7
87.9
83.6
86.5
82.8
80.9
88.7
81.3
89.1
87-3
87.2
83.8
81.0
82.3
88.7
81.2
86.4
88.2

101.0
96.0

102.9
88.4
92.2
94-3
99-3
94.4
94.4
92.8

103-3
95-8

104.5
89.6
86.9
88.7

Nitrogen

P . p . m. .

1.6.8
15.1
15-4
15-5
16.9
16.8
16.3
16.5
15-5
15.6
15.4
15.2
15.2
15-4
15-3
16.3
15-5
15.6
15.5
16.1
17.6
16.2
18.8
17.6
17.0
17.6
17.8
17-7
17.9
18.3
17.8
17-9
17.7
18.2

-
18.7
18.4
18.2

Percent

98
89
90

. 91
99
98
95
96
90
90
89
87
87
89
87
93
88
89
92
90
98
90

108
100

97
100
101
101
100
102
100
100
99

102
-

io4
102
101

19



Table l8.--Limnological data--Grand Coulee (Roosevelt) Reservoir, May k, 1966

Station
code

number

i/ is
2/ If

If
3/ le

ley id
Id

5/ le
le
la
la
2b

Depth
M.

0
0
10
0
10
0
10
0
10
0
10
0

Total
Temp . Spill flow
°C. 100 c.m.s. 100 c.m.s.

9.1
12.2
8.9
10.7
8.6
12.4
9,2
12.4
8.9
14.5
10.3
7-9

Oxygen
P. p.m.

12.1
12.4
12.4
12.6

. 12.2
12.8
12.2
12.2
11.9
9.4
10.3
i4.o

Percent

105.0
115-9
104.1
113-7
104.5
120.2
106.2
114.6
102.8
92.6
92.0

117.9

Hitrogen
P . p . m .

20.2
19-5
19.9
19-1
19-3
18.7
19-9
18.4
19-8
18.2
19-3
22.1-

Percent

106
109
104
104
101
105
105
103
104
106
104
113

I/ Ig - at Uorthport (River km 1,-181.9).
2/ If - Kettle Falls (River km 1, 124.8).
V le - at Daisy (River km 1, 078.7).
4/ Id - at Spokane River mouth (River km 1, 035-2).

le - at Sanpoil River mouth (River km 991.8).

Table 19-—Limnological data—Grand Coulee Dam, April 27, 1966

Station
code

number
la
la
Ib
Ib
2a
2b

I/ 2c

Depth
M.
0
10
0
10
0
0
0

Temp,
°C.

8.7
7-8
8-3
7.8
7-2
6.7
7.2

Total
Spill . flow Oxygen

100 c.m.s. 100 c.nioS. P. p.m.

11.8
12.4
12.4
12.5
12.0

6.7 24.9 15.6
15-1

Percent
101.4
104.2
105.5
105.0
99.3
127-5
125.0

Nitrogen
P. p.m.

19-9
21.4
20.1
20.4
20.6
25-5
25-1

Percent

104
110
104
104
104
128

. 127

I/ 0.5 kilometer downstream.



Table 20.—Limnological data--Chief Joseph Reservoir, May 2, 1966

Station
code

number

la
2b

I/ 2c
2c

2/ 2d
2d

I/ 2e
2e

4/ 2f
2f

Depth
M.

0
0
0
5
0
10
0
10
0
10

Temp.
°C.

11.6
7-8
8.2
7-6
7.9
7-8
8.6
8.1
9-1
8-9

TO"tcLl

Spill flow Oxygen
100 c.m.s. 100 c.m.s. P. p.m.

12-9
6.7 14.7

14.9
14.6
14.7
lit-. 8
14.8_

14.8
14.6

Percent

118.9
123-5
126.5
122.1
123-8
124.4
126.8

-
128.5
126.1

Nitrogen

P . p . m .

18.6
24.0
23.3
23.2
24.0
22.3
21.9
22.2
24.2
23-3

Percent

103
123
120
118
123
114
114
114
127'
122

I/ 2c-l4.5 kilometers downstream (River km 945-5)•
2/ 2d-29.0 km downstream (River km 931.0).
3/ 2c-35.4 km downstream (River km 924.6).
4/ 2f~51-5 km downstream (River km 908.5).

Table 21.--Limnological data—Chief Joseph Dam, April 28, 1966

Station
code

number

3a
3a
3b
3b
4a
4b

I/1*
27 4di/ ̂

Depth
M".

0
10
0
10
0
0
0
0
0

Temp.
°c.
7-7
7-3
7-4
7-3
7-5
7.4
7-5
7-6
7.7

Total
spiii . flow - Oxysen

100 c.m.s. 100 c.m.s. P. p.m.

13-8
13-1
14.0
13.513.8

1.3 13.6
13.2
13.5

• 13-6

Percent

115-7
108.7
116.5
112.0
115-1
113-1
110.1
112.9
114.0

Nitrogen

P . p . m .

19.5
22.0
23.2
23.4
22.4
23-3
22.9
22.7
22.6

Percent

100
112
118
119
114
118
117
116
116

I/ 4c 1.6 kilometers downstream.
2/ 4d 4.0 kilometers downstream.
3_/ 4e 8.1 kilometers downstream.
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Table 22.—Liranological data—Snake River, May 23, 1966

Sam-
pling Depth
site M.

Brownlee
Dam

Forebay

Oxbow
Dam

Mouth of
Grand

Ronde River

Lewiston

Lower
Granite

Dam site

Little
Goose

Dam site

Lower Monu-
mental

Dam site

Ice Harbor
Dam

Forebay

Ice Harbor
Dam

Tailrace

0

10

0
10

0

0

0

0

0

0
10

0

Total
Temp, Spill flow
°C. 100 -j.m.s. 100 c.m.s.

17-4 3-5
15-4

16.7 1.8
15.2

12.8

14.0

12.4

12.8

13-5

13-7
13-2

13-2 5-1 11-3

Oxygen
P. p.m.

7-8
8.6

9.0
9-2

9.0

9.0

10.0

10.2

10.0

9.8
9-3

11.3

Percent

81.9

86.4

93-1
92.1

85-3

87.7

93.9

96.7

96-3

9̂ .9
89,0

108.1

Nitrogen
P. p.m.

15.4
16.0

16.6
17-8

17.6

17.1

19.1

19.0

17.8

17.6
18.9

20.2

Percent

95
95

101

105

100

99

107

108

102

101
108

115



Table 23---Limnological data--Ice Harbor Dam, May l6 and 18, 1966

Station
code

number

19a
19b
20

I/ 20a

19a
19b
20

I/ 20a

Depth
M.

0
0
0
0

0
0
0
0

Total
Temp. Spill flow
°C. lOO'c.m.s. 100 c.tn.s.

10.9
10. T
11.1
11.0

11.1
11.0
11.2
10.9

May 16, 1966

7-5 18.9
11.3
May 18, 1966

5.1 16.2
11.1

Oxygen

P. p.m.

10.5
10.4
12.3
10. T

10.8
10. T
12.1
10.9

Percent

95-2
93-9
112.0
97-3

98.4
97-3
110.5
98.8

Nitrogen

P. p.m.

19.6
19.4
21.3
18.8

19-5
19-3
21.1
19-9

Percent

107
105
117
103

107
106
116
109

!_/ 20a - Tailrace (Powerhouse side).

Table 24.—Limnological data--McNary Reservoir June 8, 1966

Station
code

number

16
16
21
21

I/ 22a
22a

2/ 22b
22b

I/ 22c
22c

4/ 22d
22d

5_/ 22e
22e

6/ 22f
22f

T/ 22g
22g

8/ 22h
22h
23b
23b
23a
23a

Depth
M.

0
6
0
6
0
10
0
10
0
10
0
10
0
8
0
10
0
10
0
10
0
10
0
10

Total
Temp . Spill flow
°C. 100 c.m.s. 100 c.m.s.

13-1
12.9
14.8
14.8 '
13-8
13-8
13-2
13-0
15-9
13-9
14.2
13-5
15-5
i4.o
16.8
13-8
14.1
13-8
14.8
13-8
14.8
13.9
14.8
13-8

Oxygen

P. p.m.

11.8
11.6
10.6
10.2
11.9
11.3
11.7
12.4
10.3
11.1
11.5
11.0

-
10.0
11.4
11.1

-
10.9
12.1
12.0
12.1

-
-

11.4

Percent

112.6
110.3
105.2
101.2 '
115-4
109.6
112.0
118.1
104.7
108.0
112.5
106.0

-
97-5
118.1
107-7

-
105-7
120.0
116.4
120.0

-
-

110.6

Nitrogen

P. p.m.

21.5
22.0
19.4
21.4
20.9

. 20.4
22.8
21.8
21.0
20.9
22.0
21.7

-
21.3
21.0
21.8
-

21.8
22.2
22.5
21.7'

-

-
21.0

Percent

122
125
114
126
121
118
130
124
126
121
128
124

-
123

. 128
126

-

126
130
130
125

-

-
121

I/ 22a - East side (River km 511.6).'
2/ 22b - West side (River km 511.6).
3/ 22c - West side (River km 489.1).
4/ 22d - West side (River km 489.1).

5/ 22e - Oregon side (River km 485.1).
5/ 22f - Washington side (River km 485.1).
7/ 22g - Oregon side (River km 477.8).
8/ 22h - Washington side (River km 477.8),

23



Table 25.—Limnological data--Bonneville Dam*March 10 and 11, 1966

Station
code

number

31a
32b
31b
32a
31f

31a
32b
31b
32a
31f

Depth
M.

0
0
0
0
0

0
0
0
0
0

Total
Temp, Spill flow
°C. 100 c.m.s. 100 c.m.s, P.p

March 10
28.2
28.2
28.2
28.2
28.2

Bonneville Dam Survey; March 11

42.4
42.4
42.4
42.4
42.4

Oxygen "
.m. Percent

101.4
129.0
100.0
101.4
124.4

101.1
123-1
100.0
99-5
124.4

nitrogen
P. p.m. Percent

104.1
124.4
93-3
99-2
126.4

98.0
123-6
93-0
94.7
126.4

Table 26.—Limnological data—The Dalles, February and March 1966

Station
code

number

28
29

28
29
28
29

28
29
28
29

28
29

Depth
M.

0
0

0
0
0
0

0
0
0
0

0
0

Temp.

6.0
.6.2

6.2
6.7
6.2
6.6

6.6
6.5
6.2
6.8

5.8
6.8

Total
Sidll flow

100'C.m.s. 100 c.m.s..

February 27

0
0

February 28

9.9
9-9
0
o

March 1

28.2
28.2
0
0

March 2

33.6

Oxygen
P. p.m.

12.6
12.6

12.7
12-5
12.6
12.6

12.4
12.8
12.4
12.6

12.6
13.0

Percent

101.1
100.8

102.4
102.6
101.6
102.6

101.0
104.0,'
100/0
101.6

100.6
106.4

Nitrogen
P. p.m.

20.2
20.2

20.8
20.8
20.7
20.2

//

'X 20.6
20.3

<• 20.6

20.7
20.9

Percent

99.7
99.4

103.1
101.1
102. V

/'"

100.6
102.8
100.6
100.1

101.6
105.0

7/1



Table 27.--Litmological data-'-Columbia River April 3, 1967

Station
code

number

l4b
19a
19a
20
23a
23a
23b
23b
24a
24b
25a
28
28
29
31a
31a
32b
36

Depth
M.

0
0

10
0
0

10
0

10
0
0
0
0

10
0
0

10
0
0

Total.
Temp. Spill flow

°C. 100 e.m.s. 100 c .m.s .

10.8
8.9
8.1
8.0 0 11.6
9.1
7-7
9-5
7.6
7-7
7.8 o 1*0.5
8.5
8.8
8.7
8.8 o 4i.o
8.7
8.1
8.2 1.8 40.0 .
8.7

Oxygen.
P. p.m.

9.1
11. 4
11.2
10.9
11.6
11.8
12.0

-
11-5
12.2
11.9
11.2
11. 1*
11.8
12.0
11. 1*
13-2
11.0

Percent

82.3
98.4
94.8
92.1

100.7
98.9

105.2
-

96.4
102-5
101.7
96.5
97-9

101.6
103.1
96.5

112.1
9^.5

Nitrogen
P . p . m .

18.7
20.5
19.8
21.4
22.3
21.3
21.0
20.9
20.0
20.5
20.1
19.7
20.1
21.6
20.2
20.2
23-2
20.3

Percent

102
107
102
110
117
109
111
107
102
105
104
103
105
113
105
104
120
106

Table 28.—Limnological data--Columbia River, May 1, 1967

Station
code

number

l4a
19a
20
23a
23a
23b
23b
24a
24b
25a
28
28
29
31a
31a
32b
36

Depth
M.

0
0
0
0

10
0

10
0
0
0
0

10
0
0

10
0
0

Temp.
°C.

9.8
10.5
10.7
10.2
9.4
9.8
9-1
9.4
9-6
9.8
9.8
9-3
9.8

10.0
10.0

.. 10.1
10.8

Total
Spill flow Oxygen

100 c.m.s. 100 c .m.s , P. p.m.

13-1
10.9

0.8 13.2 10.6
13.2
12.8
12.8
12.5
12.3

o 34.7 12.9
12.3

' • • 12.3
12.2

0 35.3 12.0
11.6
12.0

1.5 38.2 11-7
11.3

Percent

115.6
97.8
95 -7

117.6
111.9
113-0
108.5
107.5
113-4
108.6
108.6
106.4
105.9
102.9
106.5
104.1
102.2

Nitrogen
P. p.m.

23.3
18.9
18.9
20.6
20.2
20.2
20.6

-
19.9
19.8
19-3
20.2
19-9
18.3
19.2
19-9
19-5

Percent

124
102
103
111
114
108
108

-
106
106
103
107
106
98

103
107
106

25



Table 29. --Limnological data- -Columbia Elves May 1967

StM.tJ.on
code

number

l4a
19a
19a
20
23a
23a
23b
23b
24a
24b
25a
28
28
29
31a
31a
32b
36

Depth
M'.

0
0
10
0
0
10
0
10
0
0
0
0
10
0
0
10
0
0

Temp .
°C

13-
10.
10.
10.
14.
12.
13-
11.
11.
12.
13-
13-
13-
13-
13-
13.
13.
13-

.

2
9
3
5
2
4
3
3
8
0
0
3
0
3
0
0
0
5

Total
Spill flow

100 c.m.s. 100 c.rms, F.p

12
10
11

10.6 23.7 11
13
13
13

12
5«3 44.1 12

12
11
11

14.5 52.7 11
11
11

17.4 51.1 11
10

Oxygen

.m.

.1
• 5
.2
• 3
.6
.4
.6
-
.4
• 5
.3
• 5
• 7
.8
• 7
• 5
.6
• 9

Percent P.p

115
95
100
101
133
125
130
114
116
117
110
ill
113
111
109
110
105

.8

.2

.1

.4

.1

.8

.4
-
.8
• 3
.1
• 3
.4
.1
.4
.5
.5
.0

19
•19
20
20
19
21
20
21
20
20
19
18
18
19
19
19

• 19
19

Nitrogen

.m.

.2

.4

.4

.9
•9
.1
.2
.0
.2
.8
.8
.5
.5
.6
.1
.2
.6
.4

Percent

109
106
110
113
116
119
115
115
112
116
113
106
105
112
109
109
111
111

Table 30.--Limnological data--Columbia River, June 6, 1967

Station
code

number

l4a
19a
19a
20
23a
23a
23b
23b
24a
24b
25a
29
31a
32b
36

Depth
M.

0
0
10
0
0
10
0
10
0
0
0
0
0
0
0

Temp,
°C.

13.2
12.1
11.8
12.2
13- T
13-6
13-2
13.0
13-3
13-8
i4.o
14.1
13.9
13-9
14.5

Total
Spill flow Oxygen

100 c.m.s. 100 c.m.s. P. p.m.

12.8
11.2
11.1

24.5 37.1 12.1
12.5
12.2
12.0
12.0
12.5

86.0 150.9 13.9
11.7

86.1 144.7 12.7
11.9

107.9 148.1 11.8
11.7

Percent

122.5
104.5
102.8
113-1
121.0
117-8
114.8
n4.3
119.8
134.8
114.0
124.0
115.8
114.8
115-3

Nitrogen

P. p.m.

22.4
19.4
20.6
22.2
21.5
22.0
21.9
22.2
22.7
24.8
21.9
22,6
21.2
20.8
22.8

Percent

128
108
114
124
124
126
125
126
130
143
127
131
122
120
133



Table 31.--Limnological data--Columbia River, June 27, 1967

Station
code

number

lla
lla
12
l4a
21
23a
24b
25a
28
31a
36

Depth
M.

0
10
0
10
3

-
0
2
2
10

Temp.
°c.

Ik. 2
14.1
Ik. 6
14.3
16-3
15.2
15.6
15.6
15-9
16.0
16.8

Total
spiii flow Oxysen

100 c.m.s. 100 c.m.s. P. p.m.

13-8
13-7

96.9 12-9
12. I*
10.8
11.8

113.1 168.3 12.9
11.1
11.3
ll.l
11.1

Percent

135-0
133-8
127-5
121.7
110.8
118.1
130.3
112.1
114.8
113.0
115.0

Nitrogen
P . p . m. .

24.1
24.2
22.7
21.8
19-9
21.2
23-7
20.7
20.8
20.7
21.7

Percent

140
iko
133
127
120
125
141
123
125
124
132

Table 32.--Limnological data.--Columbia Rives July 5> 1967

Station
code

number

lla
lla
l'4a
19a
19a
20
23a
23a
23b
23b
24e,
24b
25a
28
29
31a
31a
32b
36

Depth
M.

0
10
0
0
10
0
0
10
0
10
0
0
0
0
0
0
10
0
0

Temp.

15-7
15-7
16.6
19-7
19-3
19-4
17-7
17-2
17.4
17.1
17-2
17.2
1T-5
17-6
17.7
17-5
17-5
17-7
18.2

Total
Snill flow Oxy!

100 c.m.s. 100 c.m.s. P. p.m.

13-1
13-3
11.2
9-1
9-3

0.5 6.6 8.7
10.7
11.8
11.4
ll.l
10.9

83.0 129.0 12.2
11.0
10.9

103.7 137.6 11.1
10.2
11.0

97.4 135-2 12.2
10.4

jen Nitrogen
Percent

132.6
134.6
115.6
100.2
101.6
95-3
113-1
123-4
119-7
115.9
n4.o
127.6
115-8
115.0
117.3
107.4
115.8
129.0
lii.l

P. p.m.

23-6
23-8
20.9
16.6
17.1
17.4
19-5
20.0
19.5
20.6
17-9
22.3
20.6
18.9
20.6
19-3
20.2
23-2
20.3

Percent

141
142
127
106
108
110
120
122
120
126
110
137
127
116
127
119
124
143
126

27



Table 33.--Limnological data--Columbia River, July IS, 1967

Station
code

number

lla
lla
l4a
21
23a
23a
23b
24a
24b
25a
28
31a
36

Depth
M.

0
10
10
0
0
10
3
0
0
0
10
0
10

Temp.
°C.

16.2
16.2
17.0
22.2
18.7
18.3
18.9
18.7
18 A
18.2
18.4
18.5
19.1

Total
Spill flow 0xTSen

100 c.m.s. 100 c.m»s. P.p.m.

12.6
12,4
11.5.
10.1

-
11.4
ll.l
10.7

42.0 84.3 12.0
10.4
10.4
10.7
10.5

Percent ..

129.0
126.9
119-7
117.0

-
122.1
120.3
115-4
128.8
111.1
111.6
115.1
114.3

Nitrogen
P.p.m.

21.8
22.3
20.2
18.9
19.4
19-7
18.8

-
21.2
17-1
17-9
17.3
19.4

Percent

131
13*
123
125
122
123
118

-
132
106
112
108
123

Table 34.—Limnological data—Columbia River, August 2, 1967

Station
code

number

lla
lla
l4a
16
19a
19a
21
23a
23a
23b
23b
24a
24b
25a
28
28
29
31a
31a
32b
36

Depth
M.

0
10
0
0
0
10
0
0
10
0
10
0
0
0
0
10
0
0
10
0
0

Total
Temp. Spill flow
°C. 100 c.m.s. 100 c.m,s.

18,7
17-7
19.1
19-1
24.7
23-5
23-7
22.2
20.4
21.5
19.9
20.0
20.6 23.7 60.3
20.5
20.2
20.1
20.3 8.6 51.1
19-9
19-9
20.0 16.4 57.4
20.4

Oxygen
P.p.m,

12.2
11.8

-
11.5
8'. 4
7-3
6.9
-

11.5
-

10.7
10.6
11-3

-
-

10.4
10.0

-
9.8
11.2
9-3

Percent

131.6
124.7

-
125.1
102.2
86.7
82.3
-

128.5
-

118.4
117-5
126.8

-_

115.6
111.5

-
108.4
124.2
103.9

Nitrogen
P.p.m.

19-5
'20.0

-
18.5
15.6
15-3 •
16.0

-
18.0

-
18.3
18.1
19-8

-_

17-3
17.9
-

17.4
20.6
18.3

Percent

122
123

-
117
107
103
108

-
116

-
117
116
128

-
-

Ill
115

-
Ill
132
118



Table 35.-Limnological data-Columbia River, August 23, 196?

Station
code

number

16
16
21
21
23a
23a
23d
23f
24b
25a
31a
31a
36

Depth
M.

0
8
0
6
0
10
0
0
0
0
0
10
0

Temp .
°c.
20.8
20.6
24.5
23-1
22.5
22.8
22. T
22.9
22.6
22.6
22-3
22-3
22-5

Total
spin flow Oxysen

100 c.m.s. 100 c.m.s. P. p.m.

9-8
8.9
5-2
6-3
9-0
8.9
9.3
8.5

o 3̂ .1 9-3
8A
7.6
7-9
8.2

Percent

110. 4
99-9
63.0
7^-3

1.0k. 9
104.3
108.8
99.8
108.6
98.1
88.2
91.6
95.6

Nitrogen

P . p . m .

U.7
15-2
13-2
13-4
U.8
14.8
16.5
15-9
16. T
U.I
U.I
13-9
UA

Percent

95
98
90
90
98
99
110
106
ill
9̂
94
92
96

Table 36.—Limnological data--c'olumbia-River, September 5, 1967

Station
code

number

lla
lla
Ua
16
16
19a
19 a
21
23a
23a
23b
23b
24a
24b
25a
28
28
29
31a
31a
32b
36

Depth
M.

0
10
0
0
10
0
10
0
0
10
0
10
0
0
0
0
10
0
0
10
0
0

Temp,
°c.
19.6
18.7
21.6
21.2
21.2
23-8
23.7
23-3
22.0
21.0
22.4
21.5
21.4
21.2
21.8
21.1
21.2
21.4
21.5
21.5
21.6
22.1

Total
spiii flow Oxy<

100 c.m.s. 100 c.m.s. P. p.m.

10.9
10.9
10.3
9-2

6~9
7-6
6.2
9A
8.9
9-2
9-3
9.2

0 24.6 9.4
9-8
8.7
7-3

0 26.1 8.8
7-9
8.5

0.7 28.4 8.7
8.0

gen Nitrogen

Percent

119.8
117.6
117-8
104.4_

82.4
90.7
73 A
108.4
100.7
107.0
106.3
104.9
106.7
112.6
98.6
82.9
100.3
90.3
97-1
99-5
92.5

P. p.m.

17.1
17-7
16.3_

16.5
U.6
15-3
15-3
15-6
16.5
15.8
17.2
16.6
17.0
16.0
16.2
-

16.1
UA
15.6
16.2
16.1

Percent

109
111
107_

108
99
io4
103
103
107
105
113
109
111
105
106
^

105
9̂
102
106
107

Z9



Table 37.-Limnological data-Columbia River, October 3, 1967

Station
code

number

l4a
16
16
IQa
21
23a
23b
24b
25a
28
28
29
36

Station
code
number

lla
lla
lib

12
12
12

lla
lla
lib

lla
lla
lib

lla
lla

lla
lla

Depth
M.

0
0
10
0
0
0
0
0
0
0
10
0
0

Table

Depth
M.

0
10
0

0
5
11

0
10
0

0
10
0

0
10

0
10

Total
Temp. Spill flow
°C. 100 c.m.s. 100 c.m.s. P.

16.8
. 16.4
.l6.it-
20.0
19-5
20.0
20.0
18.4 0 27-3
17.7
17-6
17.6
17.9 o 32.4
17.6

38. --Limnological data--Priest Eapids
July 7, 12, and August 8, 1967

•t

Total
Temp. Spill flow
°C. 100 c.m.s. 100 c.m.s, P.

June 6

14.2
13.9
14.7

June 22

13.9 74.9 106.9
13-9
14.2

June 30

. 15.0
14.5
15-3

July 7

16.1
15-3
15-8

July 12
16.7
16.1

August 8

18.9
17-8

Oxygen
.p .m»

9.0
9.4
9-8
7-9
8.2
8-9
8-7
9.0
8.8
9-4
9-5
9-0 ,
8.3

Dam,

Percent

93.3
96.6
100.7
87.6
89.9
98.7
96.5
96.6
93.0
99-2
100.2
95-5
87.6

June 19,

Oxygen
p.m.

13.2
12.4
12.5

12.5
12.6
12.4

12.6
12.4
12.2

11.9
12.2
9-9

12.8
12.4

11.6
11.7

Percent

129-2
120.6
123.8

121.6
122.6
121.3

125.6
122.2
122.4

121.6
122.4
100.4

132.4
126.7

125̂ 7
123-9

Nitrogen
P. p.m. .

15.3
16.7
17-3
15.7
14.7'
15.9
16.0

' 15-9
15-9
16.0
15.6
16.3
15.4

22, 30,

Percent

93
101
105
101
93
102
103
99
98
99
96
101
95

Nitrogen
P. p.m.

. 23-3
22.0
21.6

22.4
22.7
22.9

22.9
23-2
23.0

21.6
22.1
18.5

22.3
22.6

18.4
18.5

Percent

135
127
127

129
131
133

135
135
136

130
131
ill

135
136

116
114



Table 39.--Hrnno"JORlcal ;latH--Snake TMver Mouth, July 26, 1967

U l n l i o u
i*odo

number
16
16
21
21

I/ 22a
22a

2/ 22b
22b

3/ 22c
22c

DepUi
M.

0
10
0

10
0

10
0

10
0

10

Temp .
°C .

18.6
18.1
23.0
22.9
22.0
19-1
20.1
18.3
18.2
18.1

ToliU
Sp.ll 1 f l o w Oxy'(

1.00 c . m . i ) . 100 c . t n . s , P. p.m..

11.8
11.6
7.8
7-5
8.5

11.2
10.3
11.6
1.1.6
11.6

sen
Percent

127.0
123.7
91.8
88.0
98.0

121.9
114.4
124.2
123.9
123-7

P . p . m .

18.6
19-1
16.2
15-9
16.5

"IB. 5
18.0
19.1
19.1
19-1

rofir;r.i

Percent

117
119
109
106
109
117
116
119
119
119

I/ East Bank Columbia River (River km 520.7).
2_/ Midstream Columbia River (River km 520.7).
jj Went Bank Columbia River (River km 520-7).

Table 40.--Limnological data--Snake River Mouth, August 9, 1967

Station
code

number

16
16
21
21

I/ 22a
22a

2/ 22b
22b

3/ 22c
22c

Depth
M.

0
10
0
10
0
10
0
10
0
10

Temp,
°C.

19-6
18.9
25-0
23-6
23-9
19-7
24.0
19-5
19.4
19-3

Total
Spill flow Oxygen

100 c.m.s. 100 c.m.s. P. p.m.

11-5
11.1
6.7
6.5
7.8
10.9
7-3
10.7
11.2
11.2

Percent

126.4
120.3
81.9
77-4
93-4
120.0
87.6
117-3
122-7
122.4

Nitrogen
P. p.m.

18.1
18.3
15-3
15-0
17-4
18.0
15-5
18.0
18.1
18.0

Percent

115
115
105
101
118
115
105
114
115
114

I/ East Bank Columbia River (River km 520.7).
2_/ Midstream Columbia River (River km 520.7).
3/ West Bank Columbia River (River km 520.7).
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Table 4j.--Limnological data--Snake Kiver Mouth, Auguut 15, 1967

Station
code

number

16
16
21
21

I/ 22a
22a

2/ 22b
22b

2.1 22c
22c

Depth
M.

0
10
0
10
0
10
0
10
0
10

Temp,

21.0
20.9
24.7
24-5
24.1
21.4
23.4
21.2
21.1.
21.1

'Total
Spill flow Ox^

100 c.m.s, 100 c.m.s. P. p.m.

10'. 9
10,8
6.9
6.8
7.1
10.7
8.3
10.5
10.8
11.0

5en Nitrogen

Percent

123.3
121.9
83-9
82.4
85.3
122.0
98.5
119-2
122.4
124.7

P. p.m.

17.7
17.4
15.1
14.9
15.7
17.2
15-9
17.0
17-9
17.6

Percent

115
113
104
102
107
113
107
111
117
115

I/ East Bank Columbia River (River km 520.7).
2/ Midstream Columbia River (River km 520.7).
3/ ¥est Bank Columbia River (River km 520.7).

Table 42.--Limnological data--Snake River Mouth, August 30, 1967

Station
code
number

16
16
21
21

I/ 22a
22a

2/ 22b
22b

3/ 22c
22c

Depth
M.

0
10
0

.10
0
8
0
10
0
10

Temp ,
°c.

•20.5
20.2
23.4
23-5
23.4
21.5
22.1
20.4
20.6
20.6

Total
Spill flow 0xySen

100 c.m.s. 100 c.m.s, . P. p.m.

10.6
10.6
5.6
5.7
6.8
8.8
8.3
10.5
10.6
11.0

Percent

118.7
118.0
66.4
67.7
80.7
100.6
96.0
117-3
119.0
123-5

Nitrogen

P. p.m.

17-2
18.7
15.0
14.9
15-2
16.4
16.2
17.6
18.6
18.4

Percent

111
120
101
101
102
108
107
113
120
1.19

I/ East Bank Columbia River (River km 520.7).
2/ Midstream Columbia River (River km 520.7).
3/ West Bank Columbia River (River km 520.7).



I

Table 43-—Limnological data--McNary Dam,June 21, 1967

Station
code

number

23a
23b
23c
23d
23e
23f
24a
24b

Depth
M.

3
3
0
0
0
0
0
2

Temp .

16.0
15-9
16.3
18.0
16.3
16.3
15.8
17.1

Total
Spill flow 0xyE

100 c .m.s . 100 c .m.s . P. p.m.

11.7
11.5
11-7
11.3
11.6
9-9

11.6
107.5 167.6 12.0

jen Nitrogen
Percent

119-1
116.9
120.0
120.2
119-0
101.5
117.6
125-3

P . p . m .

21.0
20.6
20.6
20.1*
20.8
18.1
20.4
20.2

Percent

126
123
124
127
125
109
122
123

Table 44.--Limnological data--McNary Dam, June 29, 1967

Station
code

number

23a
23b
23c
23d
23e
23f
24a
24b

Depth
M.

3
3
0
0
0
0
0
0

Temp .
°C.,

16.5
16.3
17-1
l6.9
16.5
17.0
16.3
16.7

Total
spiii flow Oxysen

100 c.m.s. 100 c.m.s. P. p.m.

11.6
11.4
11.2
11-5
11.2
9.8
11.3

. 108.6 163.0 12.1

Percent

119-5
116.9
116.9
119.4
115.3
102.0
115-9
125.1

Nitrogen

P. p.m.

21.2
21.2
21.2
20. 1*
21.1
18.2
20.8
22.7

Percent

128
128
130
124
128
111
125
138

Table 45.--Limnological data.--McNary Dam, July 1, 1967

Station
code
number

23c
23d

23f
24b

Depth
M.

0
0
0
0
0

Temp.
°c .
18.9
18.0
18.0
17-9
18. 1

Total
Spill flow Ox^

100 c.m.s. 100 c.m.s. P. p.m.

11.0
11.0
10.8
9-5

77.4 131.7 H-9

jen Nitrogen
Percent

119.2
117-0
114.9
100.8
126.9

P. p.m.

19.9
19.8
20.0
17-7
22. 1*

Percent

125
123
124
110
139



Table 46.—LiHnological dat'a--Mc]Jary Dam, July 12, 1967

Station,
code

number

23a
23b
23c
23d
23e
23 f.
24a
24b

Depth
M.

3
3
0
0
0
0
0
0

Temp,

17-1
17.0
17.5
17.4
17-2
17-2
17.4
17.6

Total
spiii flow Oxy^

100 c.m.s. 100 c.m.s, P. p.m.

11.8
11.5
11.7
11.3
11.4
10.7
11.2

50.6 101.1 .12.1

;en Nitrogen
Percent

123.2.
119.7
123.2
1.18.7
119.2
111.9

. 117.6
127 -.6

P. p.m.

19.8
20.0
20.3
19.6
19.9
19.1
20.2
21.5

Percent

121
122
125
120
122
117
124
132

Table 47.--Limnological data--McNary Dam, July 19, 1967

Station
code

number

23c
23d
23e
23f

Depth
M.

0
0
0
0

Temp . Spill
°C . 100 c.m.s .

18.9
18.6
18.8
18.8

Totalflow Oxys<
100 c.m.s, P. p.m.

10.9
10.7
10.9
9.6

an Nitrogen
Percent

118.1
115.2
117.8
103.8

P. p.m.

19.0
18.2
18.4
17-5

Percent

120
114
116
110

Table 48.--Limnological data--McNary Dam, July 28, 1967

Station
code

number

23a
23b
23c
23d
23e
23f
24a
24b

Depth
M.

3
3
0
0
0
0
0
0

Temp.
°C.

19'. 3
19-5
19-7
19.5
19-3
19-5
19.1
19-3

Total i
Spill flow Oxygen

100 c.m.s. 100 c.m.s. P. p.m.

11.0
10.5
11.4
10.5
10.5
9.4
10.8

34.0 70.4 11.5

Percent

120.0
115.1
125-6
115.1
114.8
103.1
117.5
125-7

Nitrogen
P. p.m.

18.0
18.1

-
17-3

-
17.2
17.9
20.2

Percent

114
115

110
-

109
113
128



Table 4-9- --Limnological data--McNary Dam, August 4, 1967

Station
code

number

23o
23d
23e
23 f

Depth
M.

0
0
0
0

Temp ,
°C

21.
20.
21.
20.

•

4
9
0
9

Total
Spill flow Oxygen '

100 c.m.s. 100 c.m.s. P. p.m.

11.
10.
10.
9-

Percent

3
b
5
1

128
121
118
102

.8
• 9
.8
.7

Nitrogen
P. p.m.

17-
17.
17-
16.

.

6
4
7
6

Percent

115
113
115
108

Table 50.--Limnological data--McNary Dam, August 11, 1967

Station
code

number

23n
23b
23c
23d
23e
23f
24a
24b

Depth
M.

3
3
0
0
0
0
0
0

Temp.
°c.
20.8
21.3
20.9
20.8
21.1
21.6
20.5
21.0

Total
. spin flow Oxysen
100 c.m.s. 100 c.m.s. P. p.m.

10.4
10.2
10.lt.
9.8
10.1
9-2
9.6

i.o 36.8 10.0

Percent

117-1
116.0
117 .4
110.4-
11̂ .5
105-3
107.5
113-1

Nitrogen

P. p.m.

17.2
17-2
17-2
16.7
16.9
16.3
17-0
17.0

Percent

112
11.2
112
108
110
107
110
111

Table 51.—Limnological data--McNary Dam, August IT, 1967

Station
code

number

23a
23b
23d
23f
24a
24b

Depth
M.

3
3
0
0
0
0

Temp,
°C.

23-2
22.1
22.7
22.3
22.3
22.2

Total
spiii flow Oyyt

100 c .m.s . 100 c.m.s. P. p.m.

10.9
10.2
9-9
8.9

10.0
o 39-6 9.9

Sen Nitrogen
Percent

128.8
117.9
115-8
103-2
116.0
114.7

P. p.m.

16.7
17.0
16.0
16.1
15.2
17.0

Percent

112
113
107
107
101
113

35



Table 52.--Limnological data--McNary Dam, August 22, 1967

Station
code

number

23a
23b
23c
23d
23e
23f
24a
24b

Depth
M.

3
3
0
0
0
0
0
0

Temp,
°c.

22.6
22-9
22.9
22.7
22.7
22.9
22-3
22.6

Total
Spill flow Oxygen

100 c.m.s. 100 c.in.s, P. p.m.

9-6
8.8
9-7
9.3
8.6
8.5
8.6

o 43.2 9.3

Percent

112.1
103-3
113-8
108.8
100.6
99-8
99-8
108.7

Nitrogen
P. p.m.

15-9
16.0
16. If
16.5
17-0
15.9
16.5
16.7

Percent

106
107
110
110
113
106
109
111

Table 53.—Limnological data--McKfary Dam September 1, 1967

Station
code

number

23a
23b
23c
23d
23e
23f
24a
24b

Depth
M.

3
3
0
0
0
0
0
0

Temp,
°C.

22.1
23.0
22.5
22.1
22.6
22.5
21.8
22.2

Total
spiii flow Oxy§en

100 c.m.s. 100 c.m.s. P. p.m.

9.8
9.4
9-9
9-0
9̂
8.8
9-1.

0 32-5 9-3

Percent

113-3
110.6
115-4
104.0
109.8
102.6
104.6
107.8

Nitrogen

P. p.m.

16.2
16.1
16.3
15.8
16.1
16.2
16.4
16.1

Percent

107
108
108
105
107
108
108
107

Table 54.--Limnological data--McNary Dam, September 7, 1967

Station
code

number

23c
23d
23e
23f

Depth
M.

0
0
0
0

Temp,
°C

21.
21.
21.
21.

•

5
2
9
9

Total
Spill flow

100 c.m.s. 100 c.m.s. P.p.

9.
9
9
9

Oxygen
m.

.2

.1

.2

.0

Percent

105
103
106
103

.1
• 3
.0
.7

Nitrogen
P.p.m

16.
16.
15-
16.

9

3
0
9
5

Percent

107
105
105
109



Table 55-—Limnological data--McWary Dam, September 13,

Station,
rode

number

23a
23b
23c
23d
23e
23f
Ska.
2̂ b

Depth
M.

3
3
0
0
0
0
0
0

Temp,
°c.
20.0
20.2
20.1
20.1
19-8
20.1
20.1
20.0

Total
spiii flow Oxysen

100 c.m.s. 100 c.m.s. P. p.m..

8.8
8-7
9.0
8.9
8.6
9.̂
8.8

0 33-7 8.8

Percent .

97-6
96.9
100.0
98.9
94.9
10U.U
97-8
97.6

Nitrogen
P. p.m.

16.3
16.3
16.8
16.3
16.1
17-1
16.5
16.5

Percent

1C&
105
108
105
103
110
106
106

Table 56.--Limnological data-^Bonneville Dam, March 1JJ, 1967

Station
code

number

31c
31c
32b

Depth
M.

0
2
0

Temp .
°C.

6.8
7-2
7-2

Total
spiii flow Oxysen

100 c.m.s. 100 c.m.s. P. p.m.

12.0
12.0

2.5 39-1 13-2

Percent

98.3
99-3
109.3

Nitrogen
P. p.m.

20.0
. 19-3
22.1*

Percent

100
98
113

Table 57-—Limnological data--Bonneville Dam, March 22, 1967

Station
code

number

31a
31b
31e
32a
32b

Depth
M.

0
0
0
0
0

Temp,
°C.

8.1
8.1
8.1
8.3
7-8

Total
Spill flow Ox^

100 c.m.s. 100 c.m.s, P. p.m.

12.2
12.1
12.2
11-5

o 39-6 12.7

?en Nitrogen
Percent

103-3
102.5
103.3
97-9
106.7

P. p.m.

20.0
19-9
19-9
19-9
23.0

Percent

103
103
103
103
118

37



Table 58.—Limnological data--Bonneville Dam, March 23, 1967

Station
code

number

3ld
31f
3lg

Depth
M.

0
0
0

Temp , Spill
°C. 100 c.m.s.

7-2
7-5
7-5 0.3

Total
flow Oxygen

100 c.m.s. P. p.m.

12.1
12.1

42.1 12.2

Percent

100.2
100.9
101.8

Nitrogen
P. p.m.

20.4
21.5
20.4

Percent

103
109
104

Table 59.—Limnological Data.--Bonneville Dam»March 29, 19̂ 7

Station
code

number

31b
31c
31c
31e
31f
31g
32a
32b

Depth
M.

0
0
2
0
0
0
0
0

Temp,

7-8
7.8
7.8
7-5
7.8
7.8
7.8
7.8

Total
Spill flow Oxygen

100 c.m.s. 100 c.m.s, P. p.m. .

11.7
11.8
11.8
11.6
12.0
12.1
11.7

0.7 39-9 12.7

Percent

98.3
99.2
99-2
96.7
100.8
101.7
98.3
106.7

Nitrogen
P. p.m.

20.2
19.8
19.9
21.2
20.6
20.2
20.4
22.1

Percent

103
101
102
108
105
103
104
113

Table 60.—Limnological data.r'-Bonneville Dam, April 5, 1967

Station
code

number

31b
31b
31c
3ia
3le
31f
31g
32a
32b

• Depth
M.

0
3
2
0
0
0
0
0
0

Temp,
°c.
8,9
8.9
8.9
9-2
9.0
9-2
9-1
8.9
8.2

Total
Spill flow Oxygen

100 c.m.s. 100 c.m.s, P. p.m.

11.4
11.6
11.1
11-7
11.5
11.8
11.7
11.4

0.7 39.1 13.2

Percent

98.4
100.2
95-9
101.8
99-6
102.7
101.6
98.4
112.1

Nitrogen
. P. p.m.

20.0
19-7

20.9
19.1
20.0
20.2
19.8
23.2

Percent

105
103

-
110
100
105
106
io4
120



Table 6l.--Limnological data-7Bonneville Dam, April 12, 1967

Station.
code

nutnbe r

31*
31*
31-c
3lc
31d
31e
3lf
31s
32a
32b

Depth
M.

0
3
0
2
0
0
0
0
0
0

Temp , Spill
°C . 100 c.m.s.

9-8
9-8
10.0
9.9
9.9
9-9
10.0
9-8
9-8
10.0 1.9

Table 62. — Limnological

Station
code

number

31*
31*
3lc
3lc
3ld
31e
3lf
3ls
32a
32b

Depth
M.

0
3
0
2
0
0
0
0
0
0

Temp , Spill
°C. 100 c.m.s.

10.2
9-9
10.2
10.0
9-9
10.2
10.2
10.2
10.1
10.0 7-9

Table 63. — Limnological

Station
code

number

31*
31*
3lc
3lc

3ie

318
32a
32*

Depth
M.

0
3
0
2
0
0
0
0
0
0

Temp , Spill
°C. 100 c.m.s.

10.9
10.8
10.7
10.7
10.7
10.8
10.8
11.0
10.8
10.7 9-3

Total
flow Oxygen

100 c.m.s. P. p.m. Percent

11.4 100.6
11.5 101.5
11.5 102.0
11.4 100.9
11.5 101.8
11.6 102.6
11.5 102.0
11.6 102.4
11.4 100.6

38.5 12.4 110.0

data--Bonneville Dam, April 19,

Total
flow Oxygen

100 c.m.s, P. p.m. Percent

11.7 104.3
11.9 105.3
11.8 105.2
11.9 105.6
11.7 103-5
11.8 105.2
11 . 5 102 . 5
11.4 101.6
11.9 105.9

50.1 13.7 121.6

data--Bonneville Dam, April 26,

Total
flow Oxygen

100 c.m.s, P. p.m. Percent

12.7 115-1
12.1 109.4
12.2 110.1.
11.9 107.4
11.2 101.1
11.9 107.6
11.9 107.6
11.8 107.3
12.1 109.4

48.0 12.2 110.1

Nitrogen

P. p.m. Percent

19-1 102
20.4 109
19-1 102
19-3 103
19.8 106
19-4 104
19.8 106
20.0 107
19.2 102
21 . 0 113

1967

Nitrogen

P. p.m. Percent

19.6 105
19.3 103
19.3 104
19.4 io4
19.9 106
19.6 105
19.5 105
19.5 105
19-5 105
23-8 128

1967

Nitrogen

P. p.m. Percent

19.4 106
19.3 105
19.1 io4
19.0 103
19.8 108
19.4 106
19.9 108
19.8 108
21.1 115
20.8 113

39



Table 6k.--Limnological data--Bonneville Dam, May 3, 1967

Station
code

number

31b
31c
31d
31e
31f
31g
32a

Depth
M.

3
2
0
Q
0
0
0

Temp,
°c.
10.6
10.6
10.9
10.8
10.7
10.8
11.4

Total
Spill flow Oxygen

100 e.m.s. 100 c.m«s, P. p.m.

11.8
11.8
11-5
11.8
12.1
11-3
11-7

Percent

106.2
106.2
104.3
106.7
109.2
102.2
107-3

Nitrogen

P. p.m.

19-5
19-1
20.1
19-6
21,0
19-8
19.4

Percent

106
104
110
107
108
108
107

Table 65.--Limnological data.--Bonneville Dam, May 10, 1967

Station
code

number

31b
31c
31d
31e
31f
31g
32a
32b

Depth
M.

3
2
0
0
0
0
0
0

Temp,
°c.

12.4
12.4
12.4
12.4
12.3
12.4
12.3
12.4

Total
.Spill flow 0xTSen

100 c.m.s. 100 c.m.s. P. p.m.

10.8
10.0
10.9
10.9
10.9
10.7
10.9

3.5 49-6 11.7

Percent

101.4
103-3
102.3
102.3
102.2
100.5
102.2
109.9

Nitrogen
P. p.m.

^
18.3
18.8
19.2
18.9
18.6
18.5
20.1

Percent
_

103
106
108
106
104
io4
113

Table 66.--Limnological data--Bonneville Damj May 17?

Station
code

number

31b
31c
3ia
31e
31f
3lg
32a
32b

Depth
M.

3
2
0
0
0
0
0
0

Temp.
°C.

14.3
14.2
14.5
14.4
14.3
14.4
14.2
14.4

Total
Spill flow Oxygen

100 c.m.s. 100 c.m.s. P. p.m.

11.8
11.9
11.2
11.7
11-3
10.5
11.7

15.2 58.6 12.0

Percent

115.8
116.4
110.3
115-0
110.9
103.2
114.5
118.0

Nitrogen
P. p.m.

19.4
19.9
18.9
18.7
19.7
18.9
18.9
20.6

Percent

113
116
110
109
115
110
110
120



Table 67.--Limnological data--Bonneville Dam, May 25, 1967

Station
code

number

31b
31c
316
31e
3lf
316
32a
32b

Depth
M:.

3
2
0
0
0
0
0
0

Total
Temp, Spill flow Oxygen
°C. 100 c.m.s. 100 c.m.s, P. p.m.

1̂ .3 11 A
ik.k 11 A
Ik. 6 ll.i
ik.3 11.2
lij-,3 ll.i
1*K3 11 A
1̂ .2 12.3
ill. 3 78.2 126.7 11.7

Percent

111.9
112.1
109-7
109-9
108.9
111.9
120 A
lllv.8

Nitrogen

P . p . tn .

' 19-9
20 A
19.6
20.0
19-9
20.5
21.5
20.8

Percent

116
119
115
116
116
119
125
121

Table 68. Limnological data--Bonneville Dam, June 1, 1967

Station
code

number

3113
3ic
31d
31e
31f
316
32a
32b

Depth
M.

3
2
0
0
0
0
0
0

Temp.
°C.

13-2
13-0
12.9
13-0
13-2
13-1
13-0
13-1

Total
Spill flow Oxygen

100 c.m.s. 100 c.m.s. P. p.m.

11.9
11.9
11.7
11.9
11.7
11.9
11.9

83 A 122.7 12 A

Percent

113-9
113-3
111.2
113-3
112.0
113.5
113-3
118.3

Nitrogen

P. p.m.

21 A
21.5
20.9
21.2
20.7
20.9
21.2
21.8

Percent

122
122
118
120
118
119
120
12̂

Table 69.—Limnological data,--Bonneville Dam, June 8, 1967

Station
code

number

31b
31b
31e
31f
316
32a
32b

Depth
M.

3
0
0
0
0
0
0

Temp .

13-9
ik.Q
13-9
13.9
13-9
13.9
13.9

Total
Spill flow Ox^

100 c.m.s. 100 c.m.s. P. p.m.

11 A
11.1
11.5
11.5
11.5
11 A

119.8 163.6 12.5

5en Nitrogen
Percent

110.9
108.2
111.9
111.9
111.9
110.9
121.6

P. p.m.

21.1
20.2
20.8
20.5
20.5
20.8
23.2

Percent

122
117
120
118
118
120
I$k

41



T,able 70.--Limnological data'.--Columbia River, May 7, 1968

Station
code

number
lla
lla
12
l4a
19a
20
23a
23a
23b
23b
24a
24b
25a
25b
26b
28
28
31a
31a
36
38

Depth
M.

0
10
0
0

10
0
0

10
0

10
0
0
0

10
0
0

10
0

10
0
0

Temp.
°c.

10.1
9.8
9.9

ll.l
12.0
12.2
12.7
12.0
12.5
12.0
12.0
12.2
12.4
11.4
11.6
11.5
11.5
11-3
11.3
11.3
12.5

Total
spin flow Oxysen

100 c.m.s . 100 c.m.s. P. p.m.

11.9
11-3

o 11.5
11.2
10,5

o 10.7 9.9
10.4
10,0
10.8
10.7
11.0

o 38.1 11.0
11.0.
11.3

44.0 44.0 13.5
12.6
12.8

• 10.6
11,0
11.3
10.7

Percent

105-9
99-7

101.8
102.0
97-7
92-5
98.4
93-0

101.7
99-5

102.3
102.8
103.3
103.7
124.4
115-9
117.8
97.0

100.6
103.4
100.8

Nitrogen
P. p.m.

19.3
19.0
19.7
18.5
18.3
17.7
18.3
18.0
18.3
18.4
19.1
18.6
18.4
19.8
24.0
23.1
22.5
20.1
20.7
20.9
19.9

Percent

104
101
105
101
102

99
103
100
103
103
106
104
103
109
133
128
124
ill
114
115
112



Table 71.--Limnological datar-Columbia River, June 4, 1968

Station
code

number

lla
lla
12
l4a
19a
20
23a
23a
23b
23b
24a
24b
25b
25b
26b
28
28
29
31a
31a
32b
36
38

Depth
M.

0
10
0
0
10
0
0
10
0

10 •
0
0
0
10
0
0
10
0
0
10
0
0
0

Temp ,
°C.

13 A
13-0
13 A
13.8
13.1
13 A
15.8
14.5
16.8
13-9
14.2
14.6
15-5
1^-5
l4.7
14.6
l4.7
14.7
14.8
l4.7
1̂ .7
15 A
15-2

Total
spiii flow Oxysen

100 c.m.s. -100 c.m.s. P. p.m.

12.3
12.8

11.3 12.1
11.7
10.1

23.5 35-1 12.211. k
11.8
ll.l

-
11.5

¥3.4 82.3 13 A
10.8
11 A

89.5 89.5 13.4
13-7
12.8

45-1 79-9 11.8
12.1
11.8

53-0 87 A 11.9
10.6
10.6

Percent

118.3
121.9
116.3
113-5
96.4
117-3
115.6
116.3
115.0

-
112.5
132 A
108.9
112.3
132-7
135 A
126.7
116.8
120.0
116.8
117.8
106.5
106.1

Nitrogen

P. p.m.

21.8
22.0
22.4
20.9
18.3
22.3
19-9
21.3
20.3
19-9
21.0
23-2
20.3
20.2
23.8
23-2
23-5
22.5
22.1
21.6
21.1
21.0
20.2

Percent

125
125
128
121
104
128
119
124
123
115
122
136
121
118
i4o
136
138
132
130
127
124
125
119

43



Table 72.--Limnological data--Columbia River, July L, 1968

Station
code

number
lla
lla
12
l4a
19a
20
23a
23a
23b
23b
24a
24b
25b
25b
26b
28
28
29
3la.
31a
32b
36
38

Depth
M.

0
10
0
0

10
0
0

10
0

10
0
0
0

10
0
0

10
0
0

10
0
0
0

Temp ,
, °c .
Ik. 2
13.8
ik.o
15.9
17.0
17.2
15.6
15-7
15.6
15.4
15.6
15.7
17.2
16.4
16.8
16.6
16.3
16.8
17-5
16.6
18.3
19.4
20.0

Total
Spill flow

100 c.m.s. 100 c.m.s.

34.3

3-3 14.3

57.4 92.8

92.4 93-6

56.3 89.8

66.5 91.5

Oxygen
P. p.m.

12.8
12.5
12.8
12.1
9-1
9-7

11.6
11.8
11.3
11.6
11.0
13.0
10.1
10.4
13.4
12.5
13.4
12.3
12.1
12-3
12.9
11.6
11.5

Percent

125-2
121.2
124.8
123.0

94.7
101.5
117-2
119-4
114.1
116.6
111-3
131.6
105.6
106.9
138.9
129.0
137.4
127-5
127.4
126.9
138.1
127.1
127-5

Nitrogen
P. p.m.

23.2
22.8
22.2
20.5
17.0
17.6
19.4
19-1
18.3
18.5

-
22.2
17.7
17.4
23-3
21.9'
23-2
20.7
19-8
20.2
23.0
20.2
19.9

Percent

135
131
128
123
104
108
116
114
109
110

-
132
108
105
ihS
133
l4o
126
122
122
143
128
128



Table T3.-LiImologic=1 data-Columbia River, August 8, 1968

Station
code

number

lla
lla
12
l4a
16
16
21
21
23a
23a
23b
23b
24a
24b
25b
25b
26b
28
28
29
31a
31a
32b
36
38

Depth
M.

0
10
0
0
0

10
0
4
0

10
0

10
0
0
0

10
0
0

10
0
0

10
0
0
0

Temp ,
°c.

18.1
17-9
18.0
18.6
19-0
18.9
23.2
23-2
21.2
20.4
21.1
19.8
20.2
20.4
21.1
20.8
20.8
20.7
20.5
20.6
20.4
20.2
20.2
20.6
21.3

Total
S pi 1.1. flow Ox^

100 c . m , u . .1.00 c .m. f i , P. p.m.

11.1
10.0

0 10.8
10.3
11.2
10.7
7-0
7.0
-

10.3
10.5
9.4
9-5

0 44.2 9-8
8.4
9-7

50.4 5 .̂1 11-3
10.5
10.9

0 53.2 10.4
1-0.2
10.2

10.5 50.9 • 10.3
10.0
9.6

;en Nitrogen
Percent

118.3
106.2
114.9
110.9
121.6
115-9 •
82.7
82.7

-
115.1
119.0
103.8
105.8
109.5
95-2

109.2
127-3
118.0
122.1
116.7
114.0
113.6
114.7
112.2
109.2

P. p.m.

18.4
18.8
19.1
18.4
17.1
18.6

-
15-7
15-8
17-1
16.6
17.6
15.8
16.7
15.4
17.7
20.4
19.9
20.1
20.7
18.0
18.1
19.3
17-2
17-1

Percent

114
116
119
115
108
117

-
106
103
110
108
112
102
108
100
115
132
129
130
134
116
116
122
111
112

45



Table 74.--Limnological datar-Snake River Mouth, July 16, 1968

Station
code

number

16
21

I/ 22a
2/ 22b
3_/ 22e

Depth
M.

0
0
0
0
0

Temp,
°C.

15-9
22.0
15-9
15-9
17-7

Total
Spill flow Oxygen

100 c.m.s. 100 c.m.s. P. p.m.

11.6
8.6
11.6
11.6
9-7

Percent

117-9
99-2
117-9
117-9
102-5

Nitrogen
P. p.m. Percent_

-
-
-
™ ™

I/ East Bank Columbia River (River km 520.7).
2/ Midstream Columbia River (River km 520.7).
3_/ West Bank Columbia River (River km 520.7).

Table 75.--Limnological data--Snake River Mouth, July 23, 1968

Station
code

number

16
21
21

I/ 22a
2/ 22b

22b
3_/ 22c

22c

Depth
M!

0
0
10
0
0
10
0
10

Temp.
°c.

16.9
21.2
21.3
17.2
19.4
17.1
21.3
18.6

Total
Spill flow Oxygen

100 c.m.s. 100 c.m.s. P. p.m.

11.3
7-7
7-8
11.2
9-3
10.9
8.4
10.0

Percent

117-3
87.4
88.7
117-2
101.9
113-8
95-6
107.6

Nitrogen
P. p.m. Percent

115
109
109
115
112
114
111
113

I/ East Bank Columbia River (River km 520.7).
2/ Midstream Columbia River (River km 520.7).
3/ West Bank Columbia River (River km 520,7).



Table 76.--Limnological data--Snake River Mouth, July 30, 1968

Station
code

number

16
21
21

I/ 22a
22a

§/ 22b
22b

3_/ 22e
22c

Depth
M.

0
0
10
0
10
0
10
0
10

Temp .
°c.

19-1
22.0
22.1
19.4
19. 4
20.5
19-3
22.7
21.3

Total
Spill flow 0xySen

100 c.m.s. 100 c.rrus, P. p.m.

10.6
6.9
6-7
10.6
10.7
9.2
10.6
7-5
8.2

Percent

115-3
79-6
77-5
116.1
117.2
103.0
115-8
87.7
93-3

Nitrogen

P. p.m. Percent

17-7 112
15-9 105

~ _
-

-_
_ _
_

16.4 107

I/ East Bank Columbia River (River km 520.7).
2/ Midstream Columbia River (River km 520.7).
3_/ West Bank Columbia River (River km 520.7).

Table 77.--Limnological data,..Snake River Mouth, August 21, 1968

Station
code

number

16
16
21
21

I/ 22a
22a

2/ 22b
22b

I/ 22c
22c

Depth
M.

0
10
0
10
0
10
0
10
0
10

Temp ,
°C.

18.5
l8.lt
20.4
20.3
18.5
18.5
20.1
18.8
20.7
20.0

Total
Spill flow Oxygen

100 c.m.s. 100 c.m.oS= P. p.m.

10.8
10.7
8.7
9-1
10.7
10.6
8.2
10.4
8.3
7-7

Percent

116.1
114.8
97.2
101.4
115.1
ii4.o
91.1
112.4
93.385.4

Nitrogen

P. p.m. Percent_ _

17 . 0 106
• _
16.1 104_

_ _

-_ _

-
15̂  99

I./ East Bank Columbia River (River km 520-7).
2_/ Midstream Columbia River (3iver km 520.7).
3_/ West Bank Columbia River (River km 520.7).
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Table 78.--Limnological datar-McNary' Dam, June IS, 25, July 9, 15, 23, 30,
and September 2, 1968

Station
code

number

23a
23b

23a
23b

23a
23b

23b

23a
23b

23a
23b

23a
23b

Depth
M.

3
3

3
3

3
3

0

3
3

3
3

3
3

Total
Temp „ Spill flow Oxygen.

°C. 100 c.mis. 100 c.m.s. P. p.m.

June 19
15.1
15.5

June 25

15.8
15-8

July 9

17.8
17-5 . ' .

July 15

17.5

• July 23

18.3
17.8

July 30

20.8
20.9

September 2

19.4
19.2

12.2
11.8

11.4
11.2

11.4
10.8

10.8

11.4
10.7

10.9
10.4

10.9
10.8

Percent

121-9
119.0

115.6
113.6

120.8
113.7

113-7

122.1
113.3

122.7
117.4

119.4
117.8

Nitrogen

P. p.m.

20.8
21.4

20.8
20.9

19.8
19.5

17.8

_

-

17.1
17.6

17.3
17-2

Percent

123
127

124
125

123
120

110

_

-

Ill
114

110
109



Table 79. —Limnological data—John Day-The Dalles, April 23, May 2k, July 9,
15, 19, 23, 30, and August 1, 1968

Station
I* ode

number

25b

28

28

28

25d
26a

25c
25f
25h
26a

28

25c
25d
25f
25h
26a
26b

Depth
M.

0

3

3

0

0
0

0
0
3
3

3

1
1
1
1
0
0

Total
Temp , Spill flow
°C. 100 c.m.s. 100 c.m.s.

April 23

10.3

May 2k

15-2

July 9

18.6

July 15

18-T

July 19

18.2
18.2

July 23

19.6
19.0
19.0
19-2

July 30

20.1

August 1

21.0
21.1
20.7
20.9
20.1
20.5 37-3 ^1-5

Oxygen

P. p.m.

12.6

12.5

11-5

11.6

10.3
10.5

10.8
11.5
10.0
10.1

10.7

10.0
10.0
9.19.2
9.8

ii.ii-

Percent

112.6

125.1

123-8

• 125-1

110.0
112.2

. 118.7
124.9
108.6
110.1

118.9

113-1
IIS-1*
102.2
103.8
108.9
127-T

Nitrogen

P. p.m..

18.8

21.7

20.5

20.6

18.1
19.8

18.1
21-5
18.9
18.7

18.7

16.6

17.8
20.14-

Percent

101

128

129

129

113
123

115
136
H9
118

120

108

114
132



Table 80.—Limnological data—John Day-The Dalles, August 8, September k,
11, and 18, 1968

Station
code

number

25b
,2?b
25f
25h
26a
26b

25d
25h
26a

25c
25f
25h
26a
28

25c
25f
26a
28

Station
code

number

25c
25c
25d
25d
25f
25h
26a
26a
2T
28
31a

Depth
M.

0
10
0
0
0
0

3
0
3

3
0
0
3
3

3
0
3
3

Table 8l

Depth
M.

0
10
0
10
0
0
0
10
0
0
0

Total
Temp, Spill flow
°C. 100 c.m.s. 100 c.m.s.

August 8

21.1
20.8
21.2
21.1
20.9
20.8 50.4 54.1

September 4
20.8
20.5
19.6

September 11

19-9
20.0
20.0
19-9
19-8

September l8

19-0
19.0
19-1
18.8

. — Limnological data — John Day -The

Total
Temp, Spill flow
°C. 100 c.m.s. 100 c.m=s.

18.7
18.4
20,0
17.8'
18.7
18.3
17-9
17-8
18.4
18.7
19-2

Oxygen

P. p.m.

8.4
9-7
9-1
9-2
8.9
11-3

10.0
9.4
8.9

9-7
11.0
9-7
9.9
10.9

8.8
9.9
9-0
10.7

Dalles,

Percent

95.2
109.2
103-3
104,3
100.5
127.3

112.6
105.3
97.8

107.3
122.0
107-5
109-5
120.3

.95.5
107.5
97.9
115.7

September

Oxygen
P. p.m.

10.2
10.0
9-1
8.9
10.0
10.2
9-1
9-1
11.0
12.2
10.3

Percent

110.0
107.3
100.9
94.3
107.9
109.2
96.6
96.4
118.0
131-6
112.3

Nitrogen

P. p.m.

15.4
17-7
17.1
15.8
16.5
20.4

_

-
-

16.8
19.0
16.5
18.3
18.9

-
-
-
"•

24, 1968

Percent

100
115
112
103
107
132

_

--

107
122
106
117
121

-
-

-_

•: Nitrogen

P. p.m.

15.0
15.3
15.0
16.3
16.7
16.9
15.3
16.8
18.9
19.6
17.8

Percent

9̂
96
96
101
105
105
95
104
118
123
113



Table 82.—Limnological datar-Columbia River, April 2, 1969

Station
oode

number

\6
1-7
18
19a
20
31a
32b

Total
Depth
M.

0
10
0
10
0
3
0

Temp ,
°c.
8.9
8.3
8-9
8.3
8.3
7-5
7-4

Spill
100 c.

35

23

62

.m.s .

•9

.8

.1

flow
.1.00 G,

35

36

102

.m.s .

• 9

• 5

.0

Oxygen
P. p.m.

13-7
11.8
14.0
14.9
15.0
14.7
15-0

Percent

118
100
120
126
127
122
2.2k

.3

.4
• 9
.8
.7
.6
.8

Nitrogen

P . p . m .

21.8
20.3
23-3
24.9
24.5
23.4
24.8

Percent

111*
105
122
129
127
119
126

I

Table 83.—Limnological data--Columbia River, .April 8r 1969

Station
code

number

25b
28
30
36

Depth
M.

3
3
0
0

Temp,
°C.

9.0
9-0
9.0
8.5

Total
Spill flow Oxygen

100 c'.m.s. 100 c.m = So P. p.m.

13-1
14.9
13-1
12.3

Percent

113-4
129.0
113-4
105.1

Nitrogen
P. p.m.

_

-
23-2
22.5

Percent
_

-
122
117

Table 84.—Limnological data--Columbia River, April l6, 1969

Station
code

number

17
17
18
19a
19a
20
23b
25b
27
28
31 a
32b
36
38

Depth
M.

0
10
0
0
10
0
0
3
0
3
3
0
0
0

Temp ,

10.0
9-V
10.0
10.6
10.6
10.0
14.4
10.1
9-3
9-7
9.6
9-6
9.7
9.2

Total
Spill flow Ox^

100 c.m.s. 100 c.m.s,, P.p.m,

11.1
11.2

33-8 33.8. 13.3
13-6
13-5

23-2 33-4 13-0
12.9
12.7
14.0
14.5
13-7

T9- 2 108.9 13-8
12.6
12.5

5en Nitrogen
Percent

98.5
97-9
118.0
122.4
121.5
115.4
126.8
113-0
122.1
127.8
120.4
121.3
111.0
108.8

P.p.m.

20.3
20.1
22.4
24.9
24.1
21.8
21.8
22.7
25.2
26.0
24.0
25.1
23.3
23.2

Percent

109
106
120
135
131
117
127
122
133
138
128
133
124
122

51



Table 85.--Limnological data*-Columbia Rive? May 7, 1969

Station
code

number

15
17
17
18
19a
19a
20
25b
28
31a
37

Depth
M.

0
0
10
0
0
10
0
3
3

• 3
0-"

Temp .
°C.

10.6
12.8
12.2
12.8
12.2
12.2
11.1
12.5
11.2
11.3
10.8

Total
Spill flow Oxygen ;

100 c.m.s. 100 c.m.s, P. p.m.

11.8
10.8
10.4

28.9 28.9 13.6
13-6
13-7

16.1 28.8 13.3
12.5
14.1
13.3
12.1

Percent

106.2
102.4
97.2
128.9
127.1
128.0
121.1
117-7
128.8
121.7
109.4

Nitrogen
P. p.m.

21.1
19.0
17.8
24.3
24.3
25.9
23.9
22.9
26.2
23-3
22.3

Percent

114
108
100
138
136
1̂ 5
131
129
144
128
121

Table 86.—Limnological data--Columbia River, May 21, 1969

Station
code

number

15
IT
17
19a
19a
20
28
28
3la
31a
32a
35
37
37
39
39
40
40

Depth
M.

0
0
10
0
10
0
0
10
0
10
0
0
0
10
0
10
0
10

Temp.
°c.

14.5
12.2
11.7
12.8
12.2
12.8
13-1
13-2
13.5
13-5
13-7
13.2
13-8
13-8
13-9
13.9
14.0
13-9

Total
Spill flow Oxygen

100 c.m.s. 100 c.m.s. P. p.m.

11.5
10.7
10.6
12.6
'12.9

38.1 50.9 12.4
13 -^
13-6
12.5
12.6
12.6
11.5
11.4
11:3
11.3
11.3
11.0
11.2

Percent

113-3
100.0
98.0
119.4
120.6
117.5
127-9
130.1
120.4
121.4
122.0
110.0
110.6
109.6
109.9
109.9
107.2
108.9

Nitrogen
P. p.m.

19-7
19.5
19.0
24.6
24.4
22.6
24.2
25.1
21.5
22.1
22.1
21.7
21.7
22.6
22.0
21.7
21.0
21.5

Percent

115
109
105
139
136
128
138
143
123
127
127
124
125
130
127
125
122
124



Table 87.—Limnological data--Columbia Rives June 5, 1969

Station
code

number

15
17
IT
18
19a
19a
20
23a
23a
23b
23b
2k&
2^4-b
25b
25b
26b
28
28
29
31a
31a
32b
36
38

Depth
M.

0
0

10
0
0

10
0
0

10
0

10
0
0
0

10
0
0

10
0
0

10
0
0
0

Temp .

ll*.8
15.0
15.0
15.1
ill-. 8
ik.6
ill-. 8
15-8
15-3
15-2
15.0
15.2
15.3
16.2
15.6
15A
15 A
IS • ̂ 4-
1 C ^ ]l

15.8
15.6
15.7
16.5
16.2

Total
spiii flow Oxyi

100 c.m.s. 100 c.m.s. P. p.m.

11.9
9-6

10.2
25-7 3L2 13-0

12.2
12.8

17.2 29.7 12.7
11.8
11.3
11.6
11.9
11.8

59.9 100.9 12.6
11.6
11.7

65.6 105.1 13.14-
11.6
12.9

66.0 101.3 12.6
11-3
11.3

67.0 105.5 13.0
ll.l
10.7

gen Nitrogen
Percent

118> 1
95 'T

101.7
129.9
121.1
126.5
126.0
119.7
113.3
116.1
118.6
118.1
126 A
118.7
118.2
13 .̂7
116.6
129.6
126.6
nil.. 6
11̂ .1
131.6
11̂ .3
109.5

P. p.m.

21 A
18.6
19.5
23.1
23.7
23.0
22.0
20.8
20.9
22.0
21.6
22.1
23-7
21.3
22.1
214-.1
23-2

. 23-3
23.3
20.3
20.8
23-2
20 A
20.3

Percent

126
110
115136
139
135
129
1214-
12U
130
127
131

128
132
l^t-3
138
138
138
121
12*4-
138
123
122

53
i



Table 88. --Limnological data- -Columbia River, June 1969

Station
code

number

15
IT
IT
18
19a
19a
20
23a
23a
23b
23b
24a
2kb
25b
25b
26b
28
28
29
31a
31b
32b
36
38

Depth
M,

0
0

10
0
0
0
0
0

10
0

10
0
0
0

10
0
0

10
0
0

10
0
0
0

Temp .
°c.

15.6
IT- 9
17-7
17*8
18.0
17.4
17.6
17-8
17.1
17-7
17. If
17.0
16.9
18.4
17.6
17.8
17.6
17.6
17.6
17-8
18.0
18.0
19.2
19-5

Total.
spin flow Oxysen

lOO. 'c .m.s. 100 c . m . s . . P. p.m.

11.6
9-3
8.8

17.2 22.6 11.2
11.4
11.4

9-7 22.2 11.0
11.5
11.2
10.9
11-3
10.6

44.7 93-4 13-5
11.8
11.7

64.9 100.0 11.8
12.2
12.6

32.7 91.7 11.5
12.1
12.1

61.4 96.6 12.3
10.4
10.2

Percent

117-2
98.7
93-0

118.6
121.3
119-7
116.0
121.8
116.9
115.2
118.7
110.3
140.2
126.6
123.4
125.0
128.7
132.9
121.3
128.2
128.7
130-9
113-4
111.8

Nitrogen

P. p.m.

20.0
16.7
16.0
20.6
20.8
20.8
21.0
19-8
20.3
19.8
19-3
18.9
24.1
21.2
20.9
22.6
21.8
22.5
21.5
21.6
21.4
22.4
19.9
18.9

Percent

119
103
99

127
129
128
129
123
124
122
119
115
147
132
129
140
13̂
139
132
13̂
133
139
126
120



Table 89.--Linmological data'^-Columbia Riveo^ Jtily 1, 1969

Station
i'. ode

number

15
17
17
18
19a
I9a
20
23a
23a
23b
23b
24a
24b
25b
25b
26b
28
28
29
31a
31a
32b
36
38

Depth
M.
0
0

10
0
0

10
0
0

10
0

10
0
0
0

10
0
0

10
0
0

10
0
0
0

Temp .
°C.

16.0
17.0
16.0
16.2
17.2
16.8
17-1
18.1
17-6
17.5
17-0
17-3
17 A
18 A
17.6
17.6
17.8
17-5
17 A
17 A
17.8
17-5
18.7
17.6

Total
Spill flow Ox^

100 c.tn.s. 100 c.m.s. P. p.m.

11.6
10A
10.1

11.6 17.3 13-0
12.2
11.5

k.9 17-1 11-9
11.8

-
11.5
11.5
11.2

37-7 89.8 12.7
10.6
10.7

5^.5 90.1 12.8
12.5
12.6

39.1 87 A 11.8
-

11.8
5 .̂1 91.9 12.9

11.5
ll.l

5en Nitrogen
Percent

118.1
108.2
102.9
133-1
127-6
119.2
121)-. 2
125.8

-
121.1
119.7
117 A
133 A
113-7
112.9
135.0
132 A
132.6
123-9

-
125.0
135-8
12̂ .1
117-1

P. p.m..

21.1
16.9
16.8
23-1
19-7
20.3
20.1
19-2
19.5
20.1
20.0
19-3
22.8
18 A
18.7
23-9
21.8
22.2
21.0
20.8
20.9
22.0
19.3
19.1

Percent

127
103
101
139
121
123
123
119
120
12U
122
118
Ito
115
115
lit-7
135
137
129
128
129
135
121
118

55
i



Table 90. --Limnological data*,-Columbia.River, July .15, 1969

Station
code
number

17

18
19

20
15
23a

23b

24a
24b
25a

26b
28

29
3la

32a
32b
33a
34
36
38

Depth
M.

0
10
0
0
10
0
0
0
10
0
10
0
0
0
10
0
0
10
0
0
10
0
0
0
0
0
0

Temp ,
°c.
20,4
20.3
20.4
20.6
20.0
19.9
17.6
19-4
18.5
19.0
18.4
18.5
18.8
20.0
19-4
18.9
18.9
18.9
18.9
18.9
18.9
18.9
18.9
19.2
19-4
19.4
20.0

Total 2
Spill flow Oxygen

100 c.m.s. 100 c.m.s, P. p.m.

9-2
8.0

4.5 9.6 10.4
9.4
9-5

2.2 9.3 9.̂
10.9
11.3
10.7
10.9
10.4
10. -5

23-7 67.7 12.0
9-9
9-7

36.8 71.0 12.7
11.7
11.4

28.8 68.6 ll.l
11.1
10.4
11.9

31.6 68.9 10.7
11.5
11.7
11.3
10.2

Percent

103.4
89.2
116.2
106.1
105-3
104.0
115.0
124.3
115.6
118.9
•111.6
113.4
129-7
110.3
106.2
138.1
127-3
123.5
120.3
120.3
113-2
129-5
115.9
125.4
128.1
123-8
113.1

2
Nitrogen

P. p.m.

17.8
15'.8
18.4
16.8
18.9
17.1
19.1
18.8
18.0
19.1
18.1
18.4
20.7
16.1
17-5
22.4
20.3
20.0
19-3
19-5
18.5
22.7
18.0
21.0
19-8
18.0
18.4

Percent

115
102
119
109
121
109
117
119
113
121
113
115
130
103
111
l4l
128
126
122
123
116
143
113
133
126
115
118



Table 91.—Llmnological data--Columbia River, August 5, 1969

SUt/Jon.
rode

number

17

18
19

20
15
23a

23b

24a
24b
25a

26b
28

29
31a .,

32a
32b
36
38

Depth
M.

0
10
38
0
0

10
33
0
0
0

10
0

10
0
0
0

10
0
0

10
0
0

10
0
0
0
0

Temp .,

22.4
22.4
22.4
22.4
22.6
22.5
22.4
22.5
18.6
20.2
20.0
20.2
20.1
20.2
20.3
20.6
20.6
20.6
20.2
20.2
20.2
19-8
19.6
19-5
19.5
20.3
19.8

Total 2
Spil 1 flow Oxygen

100 c.m.a. 100 c.m.s, P. p.m.

7-2
7-5
7.2

0.4 6.1 7.7
7.8
6.8
6.7

5.5 7-8
10.3
9-2
9-4
9.4_

9-4
30.2 9-6

8.7
-

0.3 38.3 8.6
8.6
8.1

4l.6 8.7
8.7
8.7
9.0

0.7 34.5 9-4
8.5
7-6

Percent

83.7
87.2
83.7
89.5
91-7
79-8
77-9
90.9

110.9
103.0
104.2
104.7_

104.7
107.0
97-6

-
96.5
95-8
90.8
96.9
96.8
96.2
98.7

103.1
94.8
83.9

Nitrogen
P. p.m.

14.7
15-0

15.0
15-6

-
-

14.7
17-2
16.1
16.8
16.3_

17-0
16.7

-
l4.7
16.4
16.0
15-5
16.9
15-3
15-3
16.0
17-7
16.0
16.1

Percent

98
100_

100
104

-_

98
108
104
108
105_

109
108

-
95

106
103
100
109
98
97

102
113
103
103

57



Table 92.—Limnological data--McNary Dam - Split-leaf Spill Test,
June 24 and 26, 1969

Station
code

number

15
21
23a

23b

24a
24b

23a

23b

24a

24b

Depth
M. .

3
3
0
10
0
10
0
0
3

0
10
0
10
0
3
0
3

Temp.

16.1
18.6
16.7
16.7
16.7
16.7

-
16.7
16.7

17.2
16.9
16.7
16.7
17-2
17.2
17-5
17-5

Total
Spill flow Ox^

100 c.m.s. 100 c.m.s, P. p.m.

June 24

11.2
10.7
10.8
10.9
10.4
10.5

•
34.7 79-3 13-2

13.0

June 26
10.5
10.3
10.2
9-8
10.2
10.2

35.5 78.8 12.4
12.3

;en Nitrogen

Percent

114.4
115.2
111.7
112.7
107-5
108.6

-
136.9
134.4

109.8
107.0
105.5
101.3
106.7
106.7
130.5
129.5

P. p.m.

18.9
17.6
17-8

-

—17-8
-

21.7
-

17.4
17-5
17-9
17-5
18.6
18.9
22.1
22.3

Percent

114
110
108

-
-

108
-

132
-

107
107

* 109
106
114
116
136
137



Table 93.--Limnologies! data--Middle Snake River, March 29, 1969

Sam.--
pling
site

Depth
M.

Temp -
Total

Spill flow Oxygen Nitrogen
100 c.m.s. 100 c.m.s. P.p.m. Percent P.p.m. Percent

Brownlee
Dam

Forebay 3

Oxbow
Dam

Forebay

Oxbow
Dam

Tailrace

9

8.0

7-6

0 8.0

Hells Canyon 0 7 A
Dam

Forebay

Snake River 0 7-7
above

Mouth, of
Grande Ronde

River

9.8 82.8 18.5 95

13.6 113.7 22 A lilt-

13.7 115-8 22.7 117

13.3 110.6 22.8 116

12.3 103-1 20.5 105



Table 94.--Limnological data--¥ashougal River Mouth,.June-'5- aai 17, 1969

Station
code

number

33*

33c

33a
33b
33c

Station
code

number

35
37
37
39
39
i-tO
IfO

Depth
M.

0
0
0

0
0
0

Table

Depth
M.

0
0
10
0
10
0
10

Total
Temp, Sp̂ .11 flow
°C. 100 c.m.s. 100 c.m.s

June 5

17-0
18.8
16.9

June 17

19.0
23-5
19.0

'i

95. — Limnological data- -Estuary

Total
Temp , Spill flow
°C. 100 c.m.s. 100 c.m.s

13.2
13.8
13-8
13-9
13-9
14.0
13-9

-
Oxygen

P. p.m.

12-9
9-3
12.9'

11.9
8.7
12.0

Percent

134.2
100.5
134.0

129.2
103-3
130.3

Columbia River, May 20,

Oxygen
P. p.m.

11.5
11.4
11-3
13-9
11.3
11.0
11.2

Percent

110.0
110.6
109.6
109.9
109.9
107-2
108.9

Nitrogen
P. p.m.

23-3
17-4
23.6

21.9
15-8
21,8

1969

Percent

142
109
144

138
107
138

Nitrogen -
P. p.m.

•21.7
21.7
22.6
22.0
21.7
21.0

21.5

Percent

124
125
130
127
,125
122
124

60


